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P Rama Rao, President, Indian Academy of Sciences 


You now hold in your hands the fruits of over a year’s intensive 
effort by the Indian Academy of Sciences. In recent years the 
Academy been increasingly concerned about the state of science 
education in the country. A panel was therefore constituted by 
Prof R Narasimha, the then President of the Academy, in July 
1994 to advise the Academy, and other organisations in the 
country, on what they can do to help in this matter. One of the 


major recommendations of that panel was that the Academy 
launchajournalofscienceeducation, primarily targeted at under- 
graduate students and teachers. Accepting this recommendation, 
the Indian Academy of Sciences has now commenced publication 
of Resonance - journal of science education. 


As you will see in this and future issues, Resonance will focus, 
among other things, on such topics in the science curriculum, that 
by common experience, are difficult to teach and grasp. Reso- 
nance is designed to serve the long felt need for a medium of 
communication among students, teachers and practising scien- 
tists and will thus enrich the processes of teaching and learning 
science. Such an effort can only be successfully sustained with the 
participation and cooperation of a large number of Fellows of the 


Xr 


| Academy, other scientists, teachers and students. Judging by the Resonance 

| number of individuals who have already contributed to the willifocus ion 

l __ launching of Resonance, I feel that the required participation and sun topiciin 

| cooperation will be seen in abundant measure. the science 
$ curriculum that 

Prof N Mukunda and his large band of Editors, Corresponding by common 
Editors, authors and referees have worked hard to launch Reso- experience, 
nance through this inaugural issue. I wish them continued suc- are difficult 
cess in this endeavour, and express the hope that Resonance will to teach Í 
stimulate science education in the country. and grasp. | 
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There is an 
encouraging 
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popularization of 
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of education 
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| effective peoples' 
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Hi our effort as 
| complementing 
all of these, yet 

| possessing 
distinctive 
features of 
its own. 


Editorial 
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N Mukunda, Chief Editor 


It is with feelings of pleasure, anticipation and hope that we 
present this inaugural issue of Resonance to our readers. This 
journal is being launched by the Indian Academy of Sciences as 
part of its initiative to contribute constructively to science educa- 
tion in our colleges and universities. We hope through Resonance 
to reach teachers and students of science all over the country, and 


in turn appreciate better their interests and needs. 


The main target audience we have in mind are under-graduate 
students and teachers of science. However, we do intend to 
include material of interest to students preparing to enter college, 
as well as to post graduate and research students. There is an 
encouraging trend of good quality popularization of science; 
journals of education already exist in specific areas, and active and 
effective peoples' science movements have emerged. We see our 
effort as complementing all of these, yet possessing distinctive 
features of its own. While we address ourselves largely to those 
young people who have a genuine interest in understanding and 
pursuing science, we hope that others too will find Resonance 
inviting. 


Several months of planning lie behind what you now see before 


you. Purely for this initial phase of detailed preparatory work, the — 


members of the core editorial group have been drawn from 


institutions in Bangalore. We are in touch with a larger group of 


corresponding editors in different fields, from all over the coun 
try, and whose names and affiliations appear elsewhere in this 
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aligned on that day, it appears that Babylon was on 
the night side of the earth! The fact that the eclipse 
was indeed visible from Babylon means that some- 
thing had gonewrong with the calculation. The total 
angle turned by the earth in about three thousand 
years had been underestimated by a hundred 
degrees, leading to an error of several hours in the 
predicted time. Astronomers believe that the dis- 
crepancy is because the earth has not been rotat- 
ing ata fixed rate. Itwas spinning slightly faster in the 
past, and the day was a few hundredths of a second 
shorter a few thousand years ago than it is now. 


Other studies during an eclipse have been made in 
the atmospheric and biological sciences. The re- 
moval of solar heating can cause some interesting 
effects in the atmosphere. So much oflife is tuned to 
the regular cycles of light and darkness that it can 
be influenced in strange ways by the abnormal 
pattern. The general question one can ask about 
any study carried out during an eclipse is whether 
it could have been done more simply even without 
an eclipse, i.e. when the sun sets. Some of the 
results claimed and even reported in the press 
come under this category! Results obtained from a 
location where the eclipse was partial are open to 
a similar criticism. Such experiments do not exploit 
the unique circumstances which prevail during a 
fotal solar eclipse. 


The total eclipse is possible because the angular 
size of both the moon and the sun are nearly the 
same, about half a degree. This matching is quite 
accurate. In fact, when the moon is at the furthest 
point ofits elliptic orbit around the earth, its angular 
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size can become slightly smaller than that ef the 
sun. If there is an eclipse at this position, the moon 
is unable to cover the sun fully, causing the rare 
‘annular eclipse’ in which a bright ring of sunlight 
peeps out all around the moon. 


There is no physical or astronomical principle which 
requires these two angular sizes to be so nearly 
equal. We should regard it as an astronomical 
accident that we are able to enjoy this spectacle. 
And we should enjoy it while we can!. According to 
astronomers, the spinning earth is gradually being 
twisted backwards, i.e. its rotation is being ‘braked’ 
by the friction of the two tidal bulges raised in the 
oceans by the moon. Newton’s law of action and 
reaction then tells us that the moon must be pushed 
forward in its orbit. It will therefore gradually recede 
from the earth. A billion years from now, there may 
be no total eclipses to gape at. And a hundred 
million years ago, the dinosaurs enjoyed slightly 
longer eclipses than we do today! 


Rajaram Nityananda 


The eclipse photographs which appear on the cover 
page were taken by Mr Dilip Kumar, a member of 
the Association of Bangalore Amateur Astronomers. 
It may be noted that he ground and polished a 
special mirror just to take these photos. Mr Dilip 
Kumar, who holds a diploma in electrical engineering 
works in the Inspection Department of ITI, Bangalore. His 
hobbies are astronomy and photography. 
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Higher Education in India 


R Narasimha 


There is nothing so practical as a good theory, said the great 
Boltzmann. In our country, it seems to me, we still have no theory 
of education; we have muddled along for the last 40 years, with 
assembly, court and Parliament laying down various decrees, 


often of extraordinary import, and academics usually complain- 
ing helplessly about the deplorable state of education in our 
schools and universities. 


To understand why this has happened, we must begin by realizing 
that education has not only professional objectives, but social and 
cultural ones as well. Let me explain. There is first of all the need 
to make good citizens, for without a society that is viable (and a 
nation that is strong and confident) the other objectives cannot in 
any case be met. A lack of recognition of this aspect of education 
widens the gulf between legislator and educator — the former is 
continually putting out fires ignited by an inflammable system, 
and the latter is bewildered and frustrated by constant political 
interference. The professional objectives, which academics are 
happier discussing — often at great length — must among other 
things offer inspiration for the creative few, and a satisfying 
means of livelihood to a large number of others. On the latter 
point, recall what Gandhiji once said, to the effect that even God 
dare not appear before a hungry man except in the form of bread; 
similarly, an educational system cannot afford to ignore the 


Gandhiji once said 
something to the 
effect that even God 
dare not appear 
before a hungry man 
except in the form of 
bread; similarly, 


les Seo clamem for ee employment by young men and women. 
Bienes Finally Semen enhances our appreciation of the world around 
tesderactid aS use history and ae arts that people have created, and the 
ee woii uncerstanding of nature that we have gained over the 
en ca Such cultural objectives need particular attention, i 
especially because they lead to benefits that may not be immedi- 
men and women. 


ately tangible and may on the other hand be easily destroyed. f 
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Fermat and the Minimum Principle 


e ` 


Gangan Prathap 


The inside back cover of the January 1996 issue of Resonance 
describes Pierre-Simon de Fermat (1601-1665) as “the discoverer 
of the principle of least time in optics, the earliest example of a 
minimum principle in physics.” 


Arguably, least action and minimum principles were offered or 
applied much earlier. This (or these) principle(s) is/are among the 
fundamental, basic, unifying or organizing ones used to describe 
avariety of natural phenomena. It considers the amount of energy 


expended in performing a given action to be the least required for ` ; 
Engineers believe 


that Archimedes, 
who lived during 
the 200’s BC, 
derived the 
principle of the lever 
using an approach 
that is essentially a 
variation of the least 
action principle. 


its execution. Again, where motion is concerned, a particle or 
wave chooses the shortest possible path in moving from one point 
to another (as in the law of reflection, which goes back to Hero), 
or tries to complete the motion in the shortest possible time (as in 
the law of refraction, which Fermat established). 


Engineers believe that Archimedes, who lived during the 200’s 
BC (nineteen centuries before Fermat), derived the principle of 
the lever using an approach that is essentially a variation of the 
least action principle. This technique, now known as the virtual 
work principle, is used as the basis for structural mechanics, the 
science underlying structural engineering. 


Suggested Reading 


Even in optics, as already alluded to earlier, we find a famous 


DPR 5 JR Newman. The World of 
application of this law of economy of physical behaviour to optics 


Mathematics, Simon 


being made by Hero (or Heron) of Alexandria who lived during the and Schuster, 1956. 
first century AD. He discovered the law of reflection which every | $* Feynman, RB Leighton, 
M Sands. The Feynman 


school child is familiar with. This law states that angles of incidence 
and reflection formed by a light ray incident on a plane mirror are 
determined by the condition that the ray travel from its source to its 
reflected position along the shortest possible path. This was some 
sixteen centuries before Fermat demonstrated that the law of refrac- 
tion of light also follows from the minimum principle. 


Lectures on Physics; 
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Origin (?) of the Universe 
3. The Big Bang 


Fayant V Narlikar 


Inthis part of the series we look at the simplest cosmological 
models based on the simplifying assumptions of the Weyl 
postulate and the cosmological principle. These models 
were discovered independently by Friedmann, Lemaitre 
and Robertson in the 1920s. They led to the striking conclu- 
sion that the universe started in an enormous explosion 
often called the Big Bang. 
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Jayant Narlikar, Director, 


Inter-University Centre 
for Astronomy and e i l 
E Relativistic Cosmology 
action at a distance in 
physics, new theories of The simplifying postulates described in part 2 of the series 
gravitation and new (Resonance, Vol. 1, No. 2) allow the theoretician to construct 
models of the universe. h ‘cal dels of th di a In 1922 th 
A aie aon ellon mat emanal mo els of the pen ing universe. In the 
to promote teaching and Russian physicist Alexander Friedmann made such attempts and 
research in astronomy in arrived at what are today known as the Friedmann models. During 
OE SINE and alao 1922-24 when Friedmann was constructing these models he 
writes extensively in dedah f x d 4 d : 
English and Marathi for a needed a theory of gravity to determine the large scale dynamics 
wider audience on science of the universe. Why a theory of gravity? 


and other topics. 


Physicists today know of essentially four basic interactions in 
nature: the strong and the weak interactions which describe the 
microscopic behaviour of subatomic particles, the electromagnet- 
ic interaction which describes the force between electric charges, 
at rest or in motion and the gravitational interaction which is 
none other than that first quantified by Isaac Newton three 
centuries ago. 


In the 1920s the knowledge of the first two of these four interac- 
tions was rudimentary. But it was clear that these microscopic 
forces were of very short range, being confined to atomic nuclei 
and would not be of much relevance to the large scale structure of 
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N Mukunda, Chief Editor 


A couple of months ago, in our February 1996 issue, we intro- 
duced a new department titled ‘Reflections’, and presented a 
contemporary translation ofaclassic 1931 essay in Bengali by SN 
Bose on ‘The Crisis of Science’. Our intention in this department 
is to provide interesting material on the history and philosophy of 
science, and offer a broader perspective than can be realised in 

specialised articles. In this issue we present the first of a two-part 

series on ‘The Origin of Science’ by Gangan Prathap. 


Many years ago the physicist Erwin Schrodinger, in his beautiful 
book titled ‘Nature and the Greeks’ arising out of his 1948 
Shearman Lectures, quoted these words from John Burnet: “...itis 
an adequate description of science to say thatitis “thinking about 
the world in the Greek way”. That is why science has never existed 
except among peoples who came under the influence of Greece’. 


Whether we like it or not, most teaching of modern science 
emphasizes this point of view, with Europe as the sole inheritor of 
Greek philosophical thought. On the other hand, we learn from 
historians of science that the Greek flowering was part of the 
Egyptian - Phoenician tradition; and that for centuries there had 
been continuous contact among the peoples of India, China, 
Central and West Asia, and Greece. 


Fortunately there are revivals today of attempts to provide accounts 
of early Indian efforts and achievements in science and mathemat- 
ics. It is to be hoped that our own students will have easy access to 
such studies, written in a balanced way and without exaggeration. 


We are pleased to welcome the incomparable R K Laxman to 
Resonance from this issue onwards — our readers are sure to 
look forward with anticipation to his wry comments on the world 
of science. 
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provide accounts of 
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and achievements in 
science and 
mathematics. It is to 
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students will have 
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studies, written in a 
balanced way and 
without exaggeration. 4 
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Geometry 


4. Curves vs Surfaces 
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After spending about a 
decade at the School of 
Mathematics, 
TIFR, Bombay, 


Kapil H Paranjape is 
currently with Indian 
Statistical Institute, 
Bangalore. 


The readers are encouraged 
to solve or at least attempt all 
exercises given since (to quote 
a famous mathematician) 
‘mathematics is not banana 
eating.’ 


‘This is a fancy way of saying 
‘that which is traced by the tip 
of a moving finger’—which 
having writ moves on. 
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Kapil H Paranjape 


In the first three parts the author covered what can roughly 
be called ‘classical’ geometry. These are the aspects of 
geometry that all science and engineering graduates have at 
sometime studied. Unfortunately the ‘modern’ material you 
will now encounter, which is a beautiful combination of 
ideas from algebra and analysis, has not entirely made it to 
the common curriculum. So arm yourselves with a paper 
and pencil’ and begin your excursion. 


Is a Curve Curved? 


Curve: A one-dimensional locus of points. 


Now that we have accepted coordinate geometry as the basis of 
our study, we need to re-examine earlier notions like lines and 
planes in this context. In some sense, the more natural notion is 
that ofa curve rather than a line. Huygens, Leibnitz and Newton 
(independently) formulated the notion of curvature of a curve. 
(This was developed by Serret-Frenet into a multiplicity of 
invariants for curves in higher dimensions. We will concentrate 
on the curvature defined by Huygens et al). A line then becomes 
a curve of curvature zero. 


It is always confusing to look at the dictionary meaning ofa word 
when it is also a mathematical term. The word ‘line’ in English 
corresponds to the mathematical term ‘curve’, whereas the English 
word ‘curve’ is used in the sense of a line which is not straight. A 
‘straight line’ (in English) is what one would call a ine’ in 
geometry. As we shall see it is not easy to distinguish a curve from 
a straight line intrinsically—thus we use the mathematical term 
curve to denote a one dimensional locus which may or may not be 
curved! ; 
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Origin (?) of the Universe 


5. Observational Cosmology 


ena CST LT AAC 


Jayant Narlikar, Director, 
Inter-University Centre 
for Astronomy and 
Astrophysics, works on 
action at a distance in 
physics, new theories of 
gravitation and new 
models of the universe. 
He has made strong 
efforts to promote 
teaching and research in 
astronomy in the 
universities and also 
writes extensively in 
English and Marathi for a 
wider audience on science 
and other topics. 


This six-part series will 
cover: 1. Historical Back— 
ground. 2. The Expanding 
Universe. 3. The Big Bang. 
4. The FirstThree Minutes. 


5. Observational Cosmo- 


logy and 6. Present 
Challenges in Cosmology 


Jayant V Narlikar 


In this part of the series we look at the present astronomical 
evidence both from distant parts of the universe as well as 
from our local region to test cosmological predictions. 
Included in this discussion are Hubble’s law, source counts, 
angular diameters, the age of the universe, abundances of 
light nuclei and the microwave background. The significance 
of the findings for big bang models is discussed. 


Cosmology As a Science 


In the previous parts of this series we developed theoretical ideas 
in cosmology bringing the story so far to the standard big bang 
models. We saw that by using Hubble’s law as the starting point 
in extragalactic astronomy we arriveat a picture of the expanding 
universe whose dynamical behaviour is modelled by Einstein’s 
equations. The models of Alexander Friedmann developed back 
in 1922 still continue to serve as the basic models for cosmological 
studies. 


We have been following the method of science in the study of the 
large scale structure of the universe. We began with a basic 
observation and then provided a theory to understand it. The 
scientific method then requires us to make new predictions to be 
tested by more sophisticated observations. This is what we will 
now proceed to do. We will follow the doctrine of Karl Poppet 
who has argued that no scientific theory is ever proved. Its 
strength lies in making disprovable predictions. Thus we will 
consider the big bang cosmology like every scientific theory, tO be 
on an indefinite probation. It continues to stay as a viable theory 
of the universe so long as the observational tests do not disprove 
it. By the same token, if we do encounter a conflict of the theory 
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Sy 
f issue. As this inaugural offering exemplifies, we hope to maintain 
if balanced coverage of different areas through a variety of contribu- 
tions and features: general articles, series devoted to different 
aspects of a chosen subject, guest columns, question and answer 
and “classroom” pages for teachers and students alike, book 
reviews, research and career news, correspondence, to namea few. 
A conscious effort has been made to work with teachers and 
as ; sel e 
students in determining the contents and writing style of Reso- 
1g Ph e : Our constant 
nance, and this will expand and continue. 
int endeavour will be 
Pete ; SER, o enharce the 
18 Wewelcome contributions, comments, suggestions and criticism i y e F 
, ; attractiveness an 
1$ from our readers. Our constant endeavour will be to enhance the te eae 
; PS d ; access 
ck attractiveness and accessibility of material to our readers, keeping ity 
cal material to our 


their needs in view. We hope to convey an understanding of 
concepts, connections between different fields, the experimental me i 
method and the art of rational thinking. We shall also attempt to oN eee 


readers, keeping 


he bring out an appreciation of science as a human activity, its view. We hope to 
sic relationship to society, and as an important component of culture conveyian 

‘he in today’s world. Not least we wish to make Resonance visually understanding of 
be pleasing. Si 

“ill connections 

per Many persons — too numerous to mention — have given us between different 
Its academic and moral support: the President and Fellows of the fields, the 

vill Academy, and a very large number of teachers, scientists and experimental 

ybe Students in institutions all over the country. We thank them all method and the 
ory and express the hope that they and our readers will continually art of rational 

ove keep in touch with us and support this effort. thinking. 

ory 
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The word resonance’ has acquired various shades of 
meaning as a result of usage in different contexts. 


Resonance is an evocative word which is used in 
several branches of science. The word entered the 
English language in the 15th century as an acoustic 
termto describe the reinforcement or prolongation of 
sound. A passage in a book from 1491 reads: 


“Marueyllous howlynges and waylyngs ... 
whereof the resonnaunce or sonne was Soo 
horryble that it semyd it wente vppe to heven” 


More commonly, the word is associated with music 
(resonance of a piano or organ) and in a figurative 
sense with positive qualities. These are evident in the 
following powerful phrases: “For the beaute, for the 
force and for the resonaunce* (Ordinary Crysten 
Men, 1502) and in the pious wish: So ought our 
hearts ... to have no other resonance but of good 
thoughts“(World of Wonders, 1607). 


The meaning ofaword changes withthe context. Not 
surprisingly, a word can acquire new shades of 
meaning when usedin different scientific disciplines. 
The original term ‘resonance’ refers to the reinforcing 
effect caused by reflections or more specifically by 
synchronous vibrations. However, this phenomenon 
is not restricted to sound waves, since it may be 
associated with all periodic processes. As is widely 
known, troops crossing a bridge are asked to break 
step; any resonance of synchronous marching with 
the natural vibrations of the bridge can have disas- 
trous consequences. The same term, resonance, is 
used to describe the condition of an electrical circuit 
adjusted to allow the greatest flow of current at a 
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Resonance - Origins and Usage 


CC-O. In Public Domain. Gurukul AN Veer Haridwar ESONANCE | january! i 


certain frequency. Similarly, a radio set must be in | 
resonance to receive music from a radio station. 


High energy physicists encounter very short-lived 
‘particles’, which can be thought of as temporary 
associations of the components which collide to 
produce them, orevenjustas a cluster of states ofthe i 
system bunched near a given energy. Guess what i 
these entities are called? ‘Resonances’! The nameis 

not arbitrary; the graph showing how the probability 
of collision varies with energy is peaked like reso- I 
nance. Inthe same spirit, metastable radical anions : 
of a molecule can be associated with a resonant 7 
state in which the neutral molecule has momentarily 
captured an electron with appropriate energy. 


In a general sense, systems with nearly the same 
energy are said to be in resonance when they are 
coupled. The phenomenon has important conse- 
quences in physics and chemistry. Magnetic reso- 
nance, Fermi resonance in infrared spectroscopy, 
Resonance Raman spectroscopy are all famous ex: 
amples involving different types of oscillators. 


Resonance is also a simple bonding concept in 
chemistry. Many aspects of structures, stabilities: 
and charge distributions, especially of conjugated å 
organic molecules, can be readily understood by” R 
visualising the total electronic structure asioi 2 
superposition of building blocks of covalent pon la 
which are in resonance. While alternative bonding 

models are available, resonance remains the firs! 3 
choice for a large number of chemists. (A detailed! a 
article on the concept of resonance in chemistry va L 


appear in a future issue.) 
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Origin (?) of the Universe 
=: 1. Historical Background 
Jayant V Narlikar 

Ned) The first part of this series covers the historical background 
rary) tothe subject of cosmology — the study of the structure and 
le to evolution of the whole universe. Ancient ideas, such as 
ofthe] those of the Greeks, already show the beginnings of at- 
what tempts to account for observations by natural laws, and to 
mels| prove or disprove these by other observations. It needed the 
bility invention of the telescope and studies by scientists like Jayant Narlikar, Director, 
'S0-| Herschel and Hubble to reach the current understanding of Inter-University Centre 
nions : : for Astronomy and 

our place in our galaxy, and its place as only one member of Astoki r aA 
noy a far larger collection of galaxies which fill the observable icion ta daa te 
arly universe. physics, new theories of 
| gravitation and new 

Bon at) c 0 models of the universe. 

a Primitive Notions of the Universe poa > EK 
vare 7 to promote teaching and 
Y An assessment of our present understanding of the cosmos is best research in astronomy in 
onse | carried out with a historical perspective. The written history the universities and also 
reso] available today covers a very tiny fraction of the time span of writes extensively in; 
scopy, h ; Rand ller fi 2 fth English and Marathi for a 
E. uman existence on earth and an even smaller fraction of the age wider adine a tae 

of our planet estimated at some 4.6 billion years. Based even on and other topics. 

such limited documentation we find that our ancient forefathers 

Tn were indeed as curious about nature and the cosmos as we are today. 

ept ui 
jlities ‘ ; i 
| Itis against this background that we should view the attempts our 
gated : 3 
od by. ancient forefathers made to understand the universe around This six-part series will 


| them. They added conjectures and speculations to what they 
ponds! | could observe directly. They used fertile i imagination to extrapo- 

A late from the known to the unknown. Naturally the differing 
q cultural traditions led to differentcosmic perspectives in different 


4 parts of the world. 


I am always impressed by the depth of ideas in our Vedas and 
J| Upanishads. Those who wrote them had a questioning mind. 
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The key to 
Aristotle’s ideas 
lies in his 
classification of 
different types 
of motion. 


Figure 3 Herschel’s tele- 
scope: This major telescope 
had a tube length of 48 feet 
andan aperture of 48 inches. 
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is one of rotational symmetry. A one-dimensional creature moy. 
ing along the circumference of a circle will find all locations on it 
exactly similar, there being no privileged position. ‘As we shal] 
find in the second part of this series, present-day cosmologists © 
employ similar symmetry arguments about the large-scale struc. 
ture of the universe. 


Although the heavenly bodies, especially planets, did not appear 
to move (naturally) in circles the Aristotelians brought in more 
complicated geometrical constructions involving a series of circles 
called epicycles. Thus a planet may move on one epicycle whose 
centre moves on another epicycle whose centre moves on a third 
epicycle and so on leading ultimately to a fixed earth in the midst 
of all these moving real and imaginary points in space. 


The epicycle theory was thus no different from the kind of 
parameter-fitting exercise that goes on in modern times when 
resolution of apparent conflicts between observations and a 
favoured theory is sought by introducing adjustable parameters 
into the theoretical framework. Such an exercise tells us more 
about the freshly introduced parameters than it does about the 
basic hypothesis of the original theory. In fact, as with the Greek 
epicyclic theory a theory, requiring too much patchwork of this 
sort eventually has to be abandoned. 


While it is easy to deride Aristotle and welcome Copernicus; 
Kepler, Galileo and Newton we must acknowledge that the Greek 
philosopher originated the notion that natural phenomena follow 
certain basic rules. Aristotle’s perception of such rules turned oul 
to be incorrect but the idea that they exist was carried over and has 
been the guiding light of theoretical physicists to this day. 


The Advent of Telescopes 


The major experimental input to astronomy as a science camels 
the seventeenth century with the discovery of the telescope Tew 
Galileo who first used the telescope for astronomical purposes a 


nuary. 
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who first appreciated its value in observing remote heavenly 
bodies. Today we would not be discussing the subject of cosmol- 
ogy had there been no telescopes to give us a view of the universe. 


No one appreciated the usefulness of the telescope more than 
William Herschel. A busy music master at Bath in England, 
Herschel was known for his organ recitals and his huge orchestras. 
At the age of thirty-five he decided to become an astronomer 
largely as a result of night-time reading of books on mathematics 
and astronomy. Herschel’s interest was in observational astronomy 
and starting with a small telescope he eventually went on to build 
the great reflecting telescope of 48-inch diameter. 


The telescopic investigations of William Herschel and his son 
John led them to the first crude picture of our galaxy as a disc-like 
system of stars encompassed by the white band known as the 
Milky way. By examining the distribution of stars away from the 
Sun in all directions the Herschels concluded that the sun was at 
the centre of the galaxy. Thus although it was known in the 
nineteenth century that the sun is just a common star which 
appears to be the brightest object in the sky only because it is the 
nearest, it still retained the special status of being at the centre of 
the galaxy. 


Our Galaxy 


This picture of the galaxy so methodically built up by the Herschels 
still had two defects which were not corrected until much later at 
the beginning of the present century. But even in the eighteenth 
and nineteenth centuries there were those who suspected that 
something was wrong and whose perceptions came remarkably 


The telescopic 
investigations of 
William Herschel 
and his son John 
led them to the 
first crude picture 
of our galaxy as a 
disc like 

system of stars 
encompassed by 
the white band 
known as the 


Milky way. 


Figure 4 This map of our 
galaxy as prepared by Wil- 
liam Herschel had the sun S 
at ifs centre. 
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Even as late close to the truth as we now know it. The mathematician J M 
as 1920, Lambert suggested for example that the stars in the Milky Way are 
astronomers in motion around a common centre and that the sun along with 
clung to the the planets also moves around this galactic centre. 
picture of our 
galaxy with the Lambert also suggested that not all visible objects are confined to 
sun not too far our galaxy. In addition to stars and planets astronomers had also 
removed from found diffuse nebulae whose nature was not clear. Were they far. 
the centre. away clusters of stars or were they nearby clouds of luminous gas? 
Lambert argued that the nebulae were indeed very distant objects 
far beyond the galaxy. 


Even as late as 1910-20 astronomers clung to the picture of our 
galaxy as developed by Herschel. For instance J C Kapteyn used 
the new technique of photography which proved to be a boon to 
astronomy and arrived at a model of our galaxy as a flattened 
spheroidal system about five times larger along the galactic plane _, 
than in the direction perpendicular to it. In this modelcommonly co, 
known as the Kapteyn Universe the sun was located slightly out gq 
of the galactic plane ata distance of some 2000 light-years from the 

centre (one light-year is the distance travelled by light inoneyeal yy, 
and this is approximately 10” kilometers). The Sun was thus not! pri 
too far from the galactic centre just as Herschel had proposed. ma 


When Kapteyn’s work was published in 1920-22 it was already’ oft 
being challenged by Harlow Shapley. In a series of papers pub- ob: 
lished during 1915-19, Shapley studied the distribution of large ofc 
dense collections of stars called globular clusters. A globulat ear 
cluster may contain upto a million stars and can be identified fro® dis 
a distance because of its brightness and distinctive appearance tio 
Shapley found that the number of globular clusters falls of as 01% 
moves perpendicularly away from the galactic plane. Along tht gal: 
plane they seemed concentrated in the direction of the constella 
tion of Sagittarius. Shapley therefore assumed that the galacti 
centre lay in that direction well away from the sun and estimate” 
that the sun’s distance from the centre was 50 000 light years- Tht ay 
modern estimate of this distance is only about 60 percent of 
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Speculations 


value but the sun does go around the galactic centre as guessed 
correctly by Lambert. The total diameter of the galaxy is about 100 
000 light years and it contains some 100-200 billion stars. 


While Shapley was right in dethroning the sun from its presumed 
privileged position at the centre of the galaxy his distance esti- 
mates were too large because he ignored the effects of interstellar 
absorption. Nor did Shapley agree with Lambert’s view that most 
of the diffuse nebulae lay outside the galaxy. But by the 1920s the 
obscuring role of the dust began to be under stood and the picture 
of our galaxy underwent a drastic change. Many stars which were 
earlier believed to be far away because they looked faint were 
discovered to be much nearer, their faintness being due to absorp- 
tion by the interstellar dust. Even more important was the conclu- 
sion that many of the diffuse nebulae lay far away, well outside the 
galaxy. Indeed it soon became apparent, thanks largely to the 


' work of Edwin Hubble, that these nebulae were galaxies in their 


own right as large as our own which are moving away from our 
galaxy at very large speeds. It was Hubble who found an empirical 
law governing their motion that was to become the foundation for 
modern cosmology. 


Figure 5 Progress of cos- 
mology: This ladder-like fig- 
ure shows how ideas on the 
cosmos received major in- 
puts. Some of them have 
been mentioned in the text. 
In addition, Aryabhata was 
aware of the earth's spin 
about ffs axis, which ac- 
cording to him explained 
why fixed stars appear fo 
travel westward: Kant and 
Proctor had suggested that 
our galaxy is just one among 
many. 


Suggested reading 

H Bondi. Cosmology. Cam- 
bridge University. 1960. 

J V Narlikar. The Lighter 
Side of Gravity. W H 


Freeman and Co, 1982. 

F Hoyle. Astronomy and 
Cosmology - A Modern 
Course. W H Freeman 
and Co. 1975. 
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Life : Complexity and Diversity 


Madhav Gadgil is with the 
Centre for Ecological 
Sciences, Indian Institute 
of Science and Jawaharlal 
Nehru Centre for 
Advanced Scientific 
Research, Bangalore. 
His fascination for the 
diversity of life has 
prompted him to study a 
whole range of life forms 


from paper wasps to 

anchovies, mynas to 
elephants, goldenrods to 
bamboos. 
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1. A World in Flux 


Madhav Gadgil 


Evolving patterns of matter and energy gave rise to the 
cosmos. The earth, itself a dynamic entity, is inhabited by 
living organisms that have a dialectical relationship with 
the world around them. 


Cosmic Dance 


We live in a world in flux. In a world of ever changing patterns, 

Patterns that change with the time of the day, the season of the 

year. Patterns that change from place to place. Patterns that have 

been in flux ever since the cosmos originated with a big bang 

fifteen billion years ago. In the beginning was pure energy con- 

centrated in an infinitesimally small space. As the cosmos ex- 

panded, matter began to crystallize out of this cauldron. First as 
tiny elementary particles, each on its own, each dancing sepa- 

rately. As things cooled down, the particles linked arms to form 
atoms. Initially smaller ones, like hydrogen, helium, oxygen, later 
larger ones, such as iron or nickel. With time these atoms begat 
to form complexes, molecules like those of water, as well as larget 
entities like crystals and metals. 


Slowly matter condensed to form heavenly bodies: nebulae, stats, 
planets, meteorites. All the while atoms were bumping into each 
Jes. Ofall 
the variety of atoms, carbon and silicon are best at holding hands 
with each other, and with those of other kinds as well. Like 
Brahma and Vishnu, our gods of creation and maintenance, they 
have four arms each. So not only can they form long carbon 0 
silicon chains, buta variety of side chains, with hydrogen, oxys™ 
nitrogen, even iron or manganese. The chains so formed can wis! 


and wrap around each other, forming balls with a multitude 0 
| 


other, linking together to form bigger and bigger molecu 
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projections and indentations. Thus is formed an incredible diver- 
sity of carbon-containing, or organic, molecules. Molecules pre- 
dominantly composed of silicon tend to form more regular sheets 
and three dimensional structures, giving rise to particles of sand 
and crystals of quartz. 


But atoms can hold hands with each other only when the sur- 
roundings are cool enough. When things heat up too much they 
delink, preferring to dance on their own. At extreme temperatures 
they even lose their shells of electrons - the tiny particles that 
whirr around the nucleus of each atom. As a result, a large variety 
of carbon containing molecules can only be formed at moderate 
temperatures, indeed just such temperatures as we enjoy at the 
surface of the earth. Not that the rest of the cosmos has no organic 
molecules; in fact there are some even in the wide open spaces 
between the stars. Some pretty large organic molecules also occur 
on meteorites called carbonaceous chondrites. But earth has in 
abundance one other substance that makes all the difference. This 
is liquid water. This is because organic molecules move around 
with the greatest ease when immersed in water. Then they can 
twist and turn, taking on myriad shapes. And they can really play 
with each other, zipping and unzipping chains, chopping off a 
piece here, adding on a piece there. Swimming in water, the 
organic molecules have let themselves go, eventually coming 
together to form the truly marvellous structures that living organ- 
isms are. Life thus owes its origin to the great good fortune that on 
the surface of the earth prevail temperatures that permit water to 
remain for much of the time in its liquid form. 


Dynamic Earth 


The earth on which this dance of organic molecules is in progress, 
is itself a dynamic entity. On it the water is forever in flux, passing 
between its liquid and vapour forms; giving rise to clouds and 
rain, rivers and seas. More than two thirds of the earth’s surface is 
today covered by the seas; seas that have been there a long, long 
time. An average cloud on the other hand survives no more than 


Life owes its 
origin to the 
great good 
fortune that on 
the surface of the 
earth prevail 
temperatures that 
permit water to 
remain for much 
of the time in its 
liquid form. 
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Living organisms 
might be 
thought of as 
co-operative 
teams of complex 
organic 
molecules that 
take in matter 
and energy 

from their 
surroundings, and 
use these to keep 
themselves in 
good repair as 
well as to make 
more copies of 
themselves. 
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an hour or so; larger collections of clouds persist for at most a few 
days. But we now know that seas and islands, continents and 


mountains are also subject to change, albeit on a much slower time 3 


scale. For, the continual barrage of rain and wind on the surface 
wears the land down; and the flux of hot molten rocks in the 
interior of the earth raises it back again. Even more significantly, 
this flux of hot molten rocks in the bowels of the earth drives 
around whole plates of land and ocean floor, so that continents go 
on forming, splitting, reforming, albeit on a time scale of hun- 
dreds of millions of years. 


The rich kaleidoscope of patterns of nature that we witness all 
around us, every moment of our lives, is then a dance of organic 
molecules, in a watery medium, set in a theatre that is itself” 
changing slowly but irrevocably, all the time. The dance patterns 
have been changing in all of the four and a half billion years that | 
the planet earth has been in existence. The pace of change 
quickened a little when life first appeared on the scene three and ) 
a half billion years ago. It accelerated further when life invaded | 
land four hundred million years ago. When tool-using ancestors 
of humans first appeared on the scene two million years ago, there | 
was little reason to believe that the world was getting set fora | 
dramatic increase in the rate of change in the manifold patterns of 
nature. But that has come to pass, and today we humans arè â 
dominant force governing the variegated mosaic of nature. 


Molecules of Life 


The most fascinating, the most complex, the most diverse of 
patterns of nature are the handiwork of living organisms. Living 
organisms might be thought of as co-operative teams of complex 
organic molecules that take in matter and energy from theif 
surroundings, and use these to keep themselves in good repai! C 


well as to make more copies of themselves. The set of comples . b 


molecules constituting these co-operative teams is ultimately 


fashioned out of a small number, a few hundred basic building 
blocks. These include water, phosphate ions and four main typ“ 
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1ge f organic molecules: sugars, fatty acids, amino acids and purine 
nd ad pyrimidine bases. Some of these organic molecules, such as 
led denine or ribose have 15 to 20 atoms, while others such as 
ors almitic or stearic acid have 50 to 60 atoms. Each such building 
ere lock is made up ofat least three elements, carbon, hydrogen and 
ra Xygen and may additionally include nitrogen, phosphorus or 
sof  alphur. But these small numbers ofa limited variety of atoms are 
ea inked to each other in very specific orders. That gives rise to the 
| ossibilities of fabricating a great diversity of molecules, some- 
mes differing only slightly from each other. Thus in amino acids 

one of the carbon atoms is linked to four distinct entities: H, 
NH,*, COO: and a longer residue. This allows the formation of 


of two forms which although identical in composition are mirror aes eae oe 
ing images of each other (Figure 1). Notably enough all amino acids in A te > i 

Jex poe organisms exhibit only one of the mirror images, the L- D-Form L-Form 
i ogechermnfonnietges a raion, =a ee 
ras ? ; > form of amino acids are 
jeg. “mongst the most vital of the larger molecules of life, are formed gentea in composition but 
ly by linking together several amino acids in long chains. Now mirror images of each other. 
.., consider the great variety of such chains that may be formed by AM /iving organisms exhibit 
4 choosing one out of twenty aminoacids in each position. Withjust Only the L-form. 
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Table 1 


Constituent 


Water 

Inorganic ions 

Sugars and precursors 
Amino acids and precursors 
Nucleotides and precursors 
Lipids and precursors 

Other small molecules 
Polysaccharides 


Proteins 
rRNA 
tRNA 
mRNA 
DNA 
*This number varies from species to species. 


Proteins are 
made up of 
tens if not hun- 
dreds, of amino 
acids, making 
possible millions 
upon millions of 
different 
combinations. 


Pos 
Chemical composition of cells of living organisms | 
Number of atoms Estimated number of varieties of 
per molecule each molecule 
Bacteria Mammals | 
| 
3 1 | 
15 20 20 | 
10-30 200 200 | 
10-30 100 100 
30-50 200 200 | 
~ 50 50 50 
~ 100 200 200 
> 1000 100 1000 
1000- 5000 4000 100000 
3200- 96000 6 6 
~ 5000 20 20 
2500-25000 1000 100000 
10-10" 1 20* 


two amino acids linked together there are 20 x 20 or 400 possibili 
ties. With three, 400 x 20 or 8000, with four, 8000 x 20 or one lakh 
sixty thousand. Proteins in fact are made up of tens, if no 
hundreds ofamino acids, making possible millions upon millions 
of different combinations. The chains of proteins thus formed do 
not remain as long strings. They fold up, forming comples 
globular, ovoidal bodies. The shapes of these bodies are governed 
by the sequence of amino acids in the chain, so that a whole variety 
of intricate shapes can be generated by just varying the order if 
which the amino acids are linked one after another. And not onl} 
do these larger molecules come in many different, elaborat 
shapes, they bear on their surfaces intricate patterns of positiv 
and negative electrical charges. Like proteins, other buildi 
blocks of life are also linked together in many different ways» bu 
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each in some precise order to form larger molecules. Thus many 
sugar molecules form polysaccharides, starches, cellulose, fatty 
acid molecules to constitute lipids, or along with sugars and 
phosphates glycolipids or phospholipids. Purine and pyrimidine 
bases are joined to sugar and phosphate to constitute nucleotides 
and nucleotides are linked into long chains to constitute nucleic 
acids. 


Each of these molecules, large and small, play a particular role in 
the co-operative team of the molecules to allow the team to take in 
matter and energy in appropriate forms, to keep the team in good 
repair and to make more copies of themselves. This is an elaborate 
exercise which requires the co-operation of thousands of different 
molecules. Table J looks at the composition of such teams for one 
of the most ancient forms of life, bacteria, and one of the most 
recent, mammals. The diversity of simpler building blocks is 
essentially the same for bacteria and mammals. The larger mol- 
ecules however, are markedly more diverse, by one or two orders 
of magnitude in the case of mammals. 


Once triggered off in the hoary old times three and a half billion 
years ago, the dance of life has become more and more elaborate, 
drawing in an ever larger number and variety of actors. And the 
stage over which they have been dancing has also gone on expand- 
ing, beginning with shallow seas, invading depths of ocean, land, 
air and finally outer space. 


Suggested Reading 


B Alberts, D Bray, J Lewis, M Raff, K Roberts, J D Watson. Molecular Biology 
of the Cell. Garland Publishing, Inc. New York and London. pp. 1146. 
1983. 

R Cowen, History of Life. Blackwell Scientific Publications. pp. 470. 1990. 

EO Wilson. The Diversity of Life. The Belknap Press of Harvard University 
Press, Cambridge, Massachusetts. pp. 424. 1992. 
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Algorithms r 


1. Introduction to Algorithms 


R K Shyamasundar 


In this introductory article the concept of algorithm which 
A forms the foundation of computer science is defined, 4 

a diagrammatic form of describing algorithms known as floy. 
wW charts is introduced and used to express some elementan 
algorithms. 


R K Shyamasundar 
is a Professor of 


What is an Algorithm? 


Computer Science at 
TIFR, Bombay 
who has done extensive 


The concept of an algorithm constitutes the foundation for infor 


mation processing. It is not only a familiar concept to mathem 
research in various 


ticians but also forms the foundation of computer science. Two 
striking features of algorithms are: 1) an algorithm is meant to bt 
executed and 2) objects underlying an algorithm have an associated 
meaning. In the first few articles, our exploration is confined to the 


foundation areas of 
computer science. 


first feature. L 
C 
c 
Ingredients (INPUT) u 
t 
a 
c 
t! 
(SOFTWARE) (HARDWARE) g 
(ALGORITHMS) Oven 
L 
sì 
1 
2 
Figure 1 A computational Cooked product (OUTPUT) 3 
process ís similar to the pro- 4 
cess of cooking. 
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Algorithms are central fo the applications of comput- 
ers and were proposed well before the advent of 
computers. A well-known algorithm by Euclid gave a 
step by step method to find the greatest common 
divisor of two numbers. The study of algorithms as a 
subject became important with the advent of com- 
puters. The science of “algorithms” deals not only 
with methods of developing algorithms for solving a 
variety of problems but also with fundamental ques- 
tions such as: “are there problems for which algo- 
rithms do notexisi?”, “even if algorithms existwill they 
lead to solutions within a reasonable time?, “are 
there systematic methods of proving whether an 
algorithm, to solve a problem, is correct?”. 


In this series of articles a variety of topics will be 
discussed. After discussing some well-known algo- 
rithms in depth, algorithmic methods which can be 


About the series on “Algorithms” 


systematically applied fo solve problems, methods 
of proving correciness of algorithms and finding out 
the complexity of algorithms will be discussed. Some 
interesting theoretical questions regarding comput- 
ability which students find difficult to understand will 
be explained. 


Computer scientists have largely devoted their atten- 
tion to non-numeric algorithms. When it comes to 
applications of computers in science and engineer- 
ing, numerical algorithms, namely, those related to 
numerical calculus are as important. We will thus 
discuss some interesting issues in evolving numeri- 
cal algorithms. As the topics discussed are diverse 
many individuals with expertise in the topics they 
write about will author this series. 


V Rafaraman 


Consider the process of cooking rice. Cooking is the process 
carried out by a cook using the ingredients with the help of 
utensils, cookers, oven and a recipe. The ingredients are the inputs 


to the process, the cooked rice is its output, and the recipe is its 
algorithm. That is, an algorithm prescribes the activities that 


constitute a process. The recipes (algorithms) are grouped under 
the term software, whereas the utensils, cookers, and oven are 
grouped under hardware. The process of cooking is depicted in 
Figure 1. 


Let us look at a recipe for cooking rice. It consists of the following 


simple activities: 


l Put 1 cup of rice in the vessel of an electric rice-cooker. 


Put 2 cups of water in the cooker vessel. 


2 
3 Close the lid of the cooker and switch it on. 
4 Wait until the indicator light of the rice-cooker turns off. 


Two striking 
features of 
algorithms are: 
1) an algorithm is 
meant to be 
executed and 
2) objects 
underlying an 
algorithm have 
an associated 
meaning. 
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History 


The word ‘algorithm’ itself is interesting. At first 
glance, it appears to have some relation to the 
familiar ‘logarithm’ (by some permutation of the first 
four characters). However, it stems from the name 
of the author of a famous Arabic textbook | its 
original Arabic textis lost; a Russian translation ofa 
Latin manuscript exists), Abu Ja'far Mohammed ibn 
M0sa-al-Khowarizmi (A D 825) who first suggested 
a mechanical method for adding two numbers 
represented in the Hindu positional number sys- 
tem. The name transcribed in Latin became 


algorismustrom which algorithnwas but a simple 
transformation. Of course, the first non-trivial algo- 
rithm ever was devised by the great Greek math. 
ematician Euclid (between 400 and 300 B C) for 
finding the greatest common divisor (gcd) of two 
positive numbers. The word ‘algorithm’ was most 
often associated with this algorithm till 1950. It may 
however be pointed out that several non-trivial 
algorithms such as synthetic (polynomial) division 
have been found in Vedic Mathematics which are 


dated much before Euclid’s algorithm. 


— 


A programming 
language is used 
to describe an 
algorithm for 
execution on a 
computer. An 
algorithm 
expressed using a 
programming 
language is 
called a program. 
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From activities 1-3, we can observe that: 


@ Each activity is a command. 

e Each activity is finite and unambiguous (assuming that a cup 
and an electric cooker are given). 

e Activities 1 to 3 are done in sequence. That is, activity 1 is 
followed by activity 2; it is only then that activity 3 is per- 
formed. 


It can be easily seen that activity 4 is a “test” rather than 4 
command. Further, we cannot conclude that the light indeed 
turns off - that is, whether the activity terminates. Howeve 
assuming the cooker to be non-faulty and does cook (even if itis 
slow), we know that activity 4 eventually terminates. In the samé 
way, one of the most important aspects of an algorithm is that it 
should always terminate after a finite number of steps. In short, W¢ 

can say that an algorithm is a finite set of rules that prescribes! 
sequence of operations for solving a specific problem. Thoug 
this is not a formal definition, it captures the concepts underlyisé 


algorithms. 


: of 
As already emphasized, we would like our algorithms tO execut? 
use 


a processor. Hence, it can be easily seen that the notation 
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describing the algorithm has to be precise and unambiguous, 
From the above discussions regarding the recipe for cooking rice, 
we can see that the notation (essentially the language) used for 
describing algorithms should have the following properties: 


1 All the basic operations used to describe the algorithmic steps 
must be capable of being performed mechanically (without 
using any intuition) in a finite amount of time. 

Each step must be defined unambiguously. 

3 The language must be general enough for describing different (a) | seizi 
kinds of algorithms that can operate on a variety of inputs. | 

4 It should be capable of describing steps which provide input 
and extract outputs. 


lb) 


To reiterate, the algorithms must be written in an unambiguous 
and a formal way. A programming language is used to describe an 
. f > Set 
algorithm for execution on a computer. An algorithm expressed 
using a programming language is called a program. 


A Flowchart Language (d) Read A,B,C 


Let us now look at a visual and diagrammatic form of describing 


algorithms. The essential components of a visual diagrammatic 

representation referred to as flowcharts will be described now: 

Basic Commands Figure 2 Symbols used in 
flowchart language to rep- 


The basic commands are denoted by a rectangular box with an “esent Assignment, Read 
f ee ’ and Print commands. 
Inscription of the operations to be performed. For example, 

Figures 2(a)-(c) correspond to setting the value ofi to 1, setting the 

value ofc to the sum of values ofa and b, and setting the value of 

x to sin(theta) respectively. Figures 2(d) and 2(e) denote commands 

to read in values into A,B,C and printing the values of x, y, and z 

respectively. Observe that parallelograms are used to represent 

Read and Print commands. Further, it is useful to denote a 

command which does nothing by an empty box or a box with an 

inscription nothing. 


{c} x:=sinitheta) 
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Figure 3 A sequential 
composition allows build- 
ing a larger component 
using smaller components. 
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Another point to be observed is that one arrow leads into the box 


and another arrows goes out of the box. The arrow at the top of the 
box can be visualized as a way of asking the processor to do the 
prescribed action, and the arrow at the bottom is a way of 
signalling the environment that the prescribed action is done. 


These are referred to as the command actions. In textual form the 
commands would merely be those inscribed within the box; these 
are shown on the right half of Figure 2. The operator “:=” iş 
referred to as the “assignment” operator and is interpreted as: 


“Assign the value of the expression (operand) on the right-side of 
the operator, to the variable (operand) on the left-side of the 
operator”. 


Sequential Composition 


The operation of 'sequencing' permits concatenation of boxes; 
that is, the operation provides a way of ‘composing ' or ‘building’ 
program (system) from smaller components. 


For example, the left-part of Figure 3 corresponds to first setting 
the 'variable' x to zero and then assigning to x the value obtained 
by adding 1 to the old value of x (i.e. increment x by 1). For brevity; 
we denote the same by the box shown on the right side of Figut® 
3. Here, the order is implicitly indicated by the top-down order: 
Sometimes, a semicolon is used to separate the commands 1 
order to avoid confusion. 


It is important to note that x :=0; x:=x + l is not the same 2 
x:=x+1; x:=0. In the former, after the execution is complet 
x will have the value 1 and in the latter, x will have the value V 
Thus, the order of the commands is important. ; 
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Test 


'Test' is denoted by a diamond box having one input arrow and two 
output arrows as shown in Figure 4. Note that if x > 100 then the 
control goes to the branch labelled “YES”, and if x < 100 (i.e., 
negation of the condition x > 100), then the control goes to the 
branch labelled “NO”. 


A construct called “if-then-else” is shown in Figure 5. Observe 
that if the 'cond' test is “true” the “YES” path is taken and if it is 
“false” the “NO” path is taken. In the “YES” path statement 1 is 
executed and in the “NO” path statement 2 is executed. The 
flowchart can be thought of as a 'block' as it occurs often in 
algorithms. It can be concisely expressed using an algorithmic 
language as shown below: 


ff cond fhenStatement 1 
else Statement 2 
endif 


This is a single statement. 


Is "cond" true? 


Statement2 


fsa>ito? 


Figure 4 A diamond 
shaped box is used to rep- 
resent a test. 


Figure 5 A flowchart illus- 
trating a commonly used 


algorithmic construct known 
as if-then-else. 
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Figureé Aflowchartwhich 
describes an algorithm to 
find the largest of three 
numbers. 


Suggested Reading 

DE Knuth. Art of Computer 
Programming — Vol- 
ume 1. Addison-Wesley 
Publishing Co. 1972. 
This volume, which dis- 
cusses fundamental al- 
gorithms, is an ad- 
vanced and authorita- 
tive book on the subject. 

EW Dijkstra. A Short Intro- 
duction to the Art of Pro- 
gramming. Computer So- 
ciety of India. 1977. 
This is a lucid article 
written by a pioneer 
whose research work 
formed the basis for 
transforming program- 
ming from an art to 
science. 

G Polya. How to Solve It. 

Princeton University 
Press. 1973. 
Even though this book 
does not deal with com- 
putational algorithms it 
is recommended read- 
ing as it provides in- 
sights into the process 
of problem solving. 

RG Dromey. How to Solve 
it by Computer. 
Prentice-Hall of India, 
New Delhi. 1990. 
Following Polya's phi- 

losophy, this book ex- 
plains approaches to 


problem solving 


Note that Statement 1 or Statement 2 can themselves be composed 
of many basic commands. Whenever the command is not primi- 


tive (made of at least two basic commands), we often refer to the 


statement as a “block”. 


Note also that apart from the basic commands, we use a begin: 


ning-keyword (such as “ if”) and corresponding matching end: 


keyword (eg., “endif ”). This would aid readability of the prograt 


(similar to open and close parenthesis) and also enables us to use 
blocks of statements between the beginning-and end-keywords 
For instance, in the “if-then-else ” construct, the keyword, “endif 


corresponds to the end for the whole construct; further th 


if”, 
keyword “then ” closes with “else”, the “ else ” closes with‘ endif 
In the programs shown, we have also used “indentatio 
highlight the blocks (this aids in reading programs). 


them. 
p 
In the flowchart shown in Figure 6, one can trace the paths E 
the start (from the beginning of the read-block) to the end @ | 
| 


CC-0. In Public Domain. 


RESONANCE | J 


ny 


Example 1: Given three distinct numbers A,B,C find the largest monk 


— 


A rene 
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set sum : set sum : = sum + 1 set sum : = sum + 2 


block) and can observe that the path is finite. The path passing fgure7 A flowchart to 
through the edges “YES, YES” satisfies the condition A > Band Sm the first two natural 
A > Cand hence we can conclude that A is the largest. The second nimba 

path passing through the edges “YES, NO” satisfies the condi- 

tions A > B, and A < C respectively and we can conclude that C 

is the largest. Similar assertions follow along the same lines on 

other branches. 


The following observations can be made on tbis algorithm: 


1 Thealgorithm terminates as each path is finite and each block 
can take only a finite amount of time. 
2 The number of boxes that get executed in each path can be 


g fixed before accepting (reading) the values of A, B and C. In 
mi other words, the number of boxes in each path is fixed. 
the 
However, it is not always possible to satisfy property (2) as 
illustrated by the following example. 
in- 

Address for correspondence 
nd: Example 2: Summing N Numbers: The problem is to find the sum of the RK Shyamasundar 
at first N natural numbers (L.e., the set {1,2,3,...N}) for any given N. Computer Science Group, 
use Tata Institute of 
; 9 ¥ 3 Fundamental Research, 
o Let w first write a flowchart for the case N = 2. Next jhe rened Homi Bhabha Road, 
if algorithm can be derived from this flowchart as shown in Figure 7. Bombay 400 005, India. 


f Thus, if we have to sum the first 100 numbers, we need 100 + 1 
w boxes. This is not a very elegant way to solve the problem. Then 


The material in this series of 
the natural question is: Is it possible to obtain a flow chart which articles is based on the works 


has the same number of boxes, irrespective of the valueofN? The of a large number of research- 


om answer is “yes”, and the solution lies in the construct wherein the Pa ES: oe ye) 

| number of times a set of commands gets executed depends on the Basant Rajan for a critical read 
aD values of certain variables. We will discuss this in the next article ing of the manuscript. = 
_, inthis series. RK Shyamasundar 
ot 
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Fascinating Organic Transformations: 
Rational Mechanistic Analysis 


1. The Wagner Meerwein Rearrangement and the Wandering Bonds 


After nearly a three- 
decade long innings as an 


inspiring teacher and 
researcher at IIT Kanpur, 


S Ranganathan is now at 
RRL, Trivandrum. He and 
his chemist wife, Darshan, 

plan to set up (without 
government assistance) 

“Vidyanantha Education 

Centre”, to promote 
education, art and culture. 


Figure 1 The Wagner 
Meerwein rearrangement. 


Subramania Ranganathan 


A carbocation can stabilize itself by a series of C-H and C. 
C shifts to reach the most stable form. Several examples are 
shown in which relatively strained systems upon such cat- 
ionic rearrangements produce diamondoid systems. 


The Ganges flows to neutralize the water potential, electricity 
flows to compensate an electron gradient. Naturally therefore, an 
electron deficiency in a carbon framework generates a “bond 
flow”. This phenomenon, in its most simple representation (Fig- 
ure 1), is the Wagner Meerwein rearrangement. 


A natural property of an electron deficient centre is to make the 
system dynamic, thus opening the possibilities for charge dissipa- 
tion. This can be illustrated with what is called the Grotus 


mechanism (Figure 2). One can see how effectively the proton 
excess on the left side is transmitted by the medium to the right. 
Similarly, charge deficiency created at a location can be evenly, 
and quite effectively, spread swiftly. The process that takes place 


Figure 2 The Grotus mechanism. 
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Rational analysis of organic reaction mechanisms 
was initiated in the early decades of this century, 
when the now well-known ‘arrow pushing’ *, to de- 
scribe the flow of an electron pair, gained popularity 
among chemists. Subsequently, in the 1930-1960 
period, the combined efforts of several great organic 
chemists established mechanistic organic chemistry 
on a firm ground. Every organic transformation is, 
however, unique, in the sense that there is always 
some twist when you carry outa new reaction (orelse 
many of us would have been out of business!). Thus, 
in order to understand new transformations, one 
must have a very good appreciation of the basic 
principles of mechanistic analysis. 


Many of us feel that at the undergraduate level 


* When organic chemists started using curved ar- 
rows a well-known chemist reportedly remarked: 
“Curved arrows never hit the target”. 


in the norborny] cation system (1, Figure 3), leads to a total charge 


dissipation, as shown in Figure 4. 


The Series on Fascinating Organic Transformations: Rational Mechanistic Analysis 


RS RE] 


rational mechanistic analyses of exciting transfor- 
mations are seldom taught. The examples available 
in many textbooks tend to be somewhat routine {and 
perhaps boring), and many good examples are left 
out. S Ranganathan, one of the most popular or- 
ganic chemistry teachers at IIT, Kanpur for almost 
three decades, has put fogether for Resonance 
readers, six examples that demonstrate a step-by- 
step approach to rationalize fascinating organic 
transformations. 


In this series of articles, he will cover Wagner- 
Meerwein rearrangement, molecular self- assem- 
bly, Woodward-Hoffmann rules, ‘lone pairs’, von 
Richter reaction and synthesis vs biosynthesis of 
indigo. We are certain that students and teachers 
alike will enjoy the simple and classroom-type dis- 
cussions provided in each of these examples. 


Uday Maitra 


1,2-alkyl shift = WM and 

1,2 H` shift = [3,2] 

1,3 H: shift = [6,2] if one uses 
norbornane system. 


Figures 3,4 permit the definition of very basic aspects associated 
with this type of bond migrations. By definition, whenever a 
sigma bond (other than a C-H bond) shifts, it is called the Wagner 
Meerwein shift [WM]. The hydrogen sigma bond migrations are 
denoted as proximate [1,2] or through-bridge [1,3] shifts. 


The WM shift in substituted derivatives of 1 [1,2 = 2,1] takes 
Place with incredible speed*, of the order of ~10” sec at room 
temperature [RT]. This is an estimate, since no 'eye' can see this 
because of the swiftness of the operation. We enjoy the video 
because we cannot'see' it! The frames move ata rate faster than the 


*The structure of the unsub- 
stituted 2-norbornyl cation is 
highly controversial. Do 1 and 2 
rapidly interconvert or does the 
ion exist as an intermediate 
‘non-classical’ form? Spectro- 
scopic and theoretical studies 
are currently interpreted in 
favour of the latter proposal. 
However, tertiary derivatives 
have classical structures and 
undergo fast WM shifts. 
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Figure 3,4 Rearrange- eye can discern [~16 frames sec’]; thus one frame merges into s 

ments in the norbornyl cat- another creating an illusion of continuity. Atone timetheWMin s 

(onisystem: 1 was called the windshield wiper [WW] effect. The WW of a car si 
operates (ifat all!) at the rate of one per second. So one can see how d 
rapid the WM in 1 is. The [1,3] is slower [~ 10? sec], and the [1,2] a 
even more so [~10° sec]. The last two could be focused to the eye a 
ofthe NMR which can distinguish events that take place at 10*sec 
1. So, cooling down the norbornyl cation 1 can bring down the Y 
rates to lie in the vision range of NMR and this has been done. sı 


Charge dissipation naturally opens avenues for equilibration n 
leading to stable systems from not so stable precursor cations. W 
This is well documented in organic chemistry, and in this presen- v 
tation is taken to esoteric heights leading to options for making =| 
diamond! £ 

ci 
A profile of diamond structure is shown in Figure 5. Note how : 


beautifully the chair cyclohexanes are stacked leading to 4 ther- 


modynamically stable constellation. This would imply that such j 
shuffling of bonds can lead to diamondoids from unrelated PoE ae 
cursors having the same carbon framework. This was dramati > 
cally illustrated with the transformation of 2 - readily formed by l 
tane (3) # 


dver 


Figure 5 A profile of the 
diamond structure. Nofe 


how beautifully the chair A 
cyclohexanes are stacked hydrogenation of cyclopentadiene dimer - to adaman 


leading fo a thermodynami- excellent yields, thus making a rather expensive compoun 


. . s ip 
cally stable constellation. commonplace! Like in a 'random walk jogging’ we can start ! 
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several directions from 2 and reach 3. We have shown here one 
such pathway (Figure 6). One can trace other pathways and doing 
so can be fun! To reinforce the notion of equilibration leading to 
diamondoids, another example is given in Figure 7, wherein the 
aesthetically pleasing C-10 triquinane (4) possessing a three fold 
axis of symmetry, is transformed to adamantane (3). 


Figure 6 {top left) Rear- 
rangement of compound 2 
to adamantane (3). 


figure7 (top right) The aes- 
thetically pleasing C-10 
friquinane (4) transformed 


to adamantane (3). 
While adamantane (3) was known before the era of the under- 
standing of carbocation rearrangements, its logical homolog 5, 
notionally formed by placement of additional chair cyclohexanes 
was unknown. The fascination for this molecule was such that it 
was the motif for an international congress (IUPAC Conference in 
1963) and the compound itself was named, before birth, as 
Congressane; additionally, a reward was offered for anyone who 5 
could make it before the next congress, scheduled in two years. The fascination 
But no one could claim this reward! The facile synthesis of for the logical 
adamantane (3) by wandering of sigma bonds opened up possibili- homolog 5 of 
ties, not only for congressane, but also for higher members of the adamantane (3) 
family. In the event, congressane, now formally called diamantane was such that it 
(5) was magically made, in excellent yields from 6 and 7 which are was the motif for 
easily derived from the dimerization of the C-7 bicycloheptadiene. an international 
Indeed, dimer 6 gave a 90% yield of 5 under equilibrating condi- congress (IUPAC 
tions! The transformation of 6 and 7 to diamantane (5) has been Conference in 
rationalized in Figure 8 and Figure 9, respectively, by pathways 1963) 
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Figure 89 Rearrangement 
(top left) of compound (6) 
and (top right) compound 7 
to diamantane (5). 


8 


Figure 10 Triamantane (8). 


Figure 11 (right). Herative 
pattern search for 
dlamandold precursors on 
the basis of a retro-analysis 


program. 
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precisely similar to those discussed earlier. A recent addi- 
tion to this family is triamantane (8), which has a true 
tetrahedral carbon, attached to four other carbons as in 


diamond. 


Based on the above principles and illustrations, one could develop 
a computer program to identify appropriate precursors for a 


1 
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specific diamondoid. Even in the case of C-10 adamantane (3), the One could 
number of possible C-10 precursors would be huge. For higher develop a 
members of the series the options could be astronomical. A computer 
reasonable guess is that it would take 500-1000 such rearrange- program to 
ments for substances that would have the properties of diamond. identify 
Thus it is obvious that if the carbocation strategy is to be adopted appropriate 
to make diamondoids, a listing of all possible precursors be precursors fora 
secured using a computer and based on the three pathways specific 
involved. The task could be simplified by incorporating restric- diamondoid. 
tions in the program. Although using this strategy for diamond 

appears far fetched, it could lead to novel diamondoids and 

related precursors having desirable properties. The iterative 

pattern is simple, and each generation produces three possibili- 

ties, as shown in Figure 11 (the three arrows here represent, WM, 


[1,3] and [1,2]). 


ue Suggested Reading 


Address for correspondence 
S Ranganathan, 
Senior Scientist (INSA) 
Biomolecular Research Unit, 
Regional Research 
Laboratory, 
Thiruvananthapuram 
695 019, India 


P D Batlett. Nonclassical Ions. Benjamin, New York. 1965. 
Read this book for a historical account. 


N Anand, J S Bindra, S Ranganathan. Art in Organic Synthesis. 2nd edition. 
op 1988. p.148. 
P v R Schleyer. My Thirty Years in Hydrocarbon Cages: From Adamantane 
to Dodecahedrane, from Cage Hydrocarbons, Ed. G A Olah, Chapter 1. 
Wiley. 1990. 
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Newton's Inheritance ... After Newton's death on 20 March 1727, his 
liquid assets, which totalled some £32,000 were to be divided equally 
among his eight nieces and nephews, but the estate at Woolsthorpe was 
now legally the property of the next surviving Newton. He turned out to be 
one John Newton, descendant of a brother to Newton's father, who was 
described as "a poor representative of so great a man". This assessment 
proved to be accurate: John Newton gambled and drank his inheritance 
away, dying by accident when, after a round of drinking, he stumbled and 


fell with a pipe in his mouth, the broken stem lodging in his throat. 
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Geometry 
1. The Beginnings 


34 


After spending about a 
decade at the School of 
Mathematics, 
TIFR, Bombay, 
Kapil H Paranjape is 


currently with Indian 
Statistical Institute, 
Bangalore. 


An important 
mathematical 
feature of Euclid’s 
theory is that 
rules of deduction 
are very strict; 
nothing — not 
even so-called 
common sense or 
intuition — can 
be taken for 
granted. 


Kapil H Paranjape 


Mathematics is as much an art as a science. Thus ty 
understand why we study the problems we do today we must 
examine the history of the subject. In this series of articles 
we will try to examine how the geometric concepts that are 
in use today evolved. (A note of warning: the ‘history’ here 
is more a personal view than a historian’s.) As in art, 
understanding is enhanced by doing. Readers are encour. 
aged to attempt the exercises scattered in the text. 


The Origin (s) 


Origin: the starting point of a flow or the centre of a coordinate system. 


We are often told that geometry (=geo+metry) arose out of the 
attempt to measure land area. But this view ignores the develop- 
ment of geometry for navigation by travellers who used stars, for 
the design of buildings, in art and painting and so on. In fact 
geometry and geometrical thinking is one of the fundamental 
activities of the brain — the other being algebraic thinking (these 
two modes are sometimes called the spatial and verbal functions 
of the brain). 


The first comprehensive treatment of geometry which we can call 
mathematical from a modern perspective is that of Euclid. From 
few basic concepts (point, line, angle etc.) and few basic state 
ments (the five axioms) he wished to deduce all the know! 
(geometrical) phenomena using some logical principles (which ne 
called common notions). In other words he was constructing î 
‘theory of everything’. At the same time he was aware that ou! 
‘imperfect’ world did not quite meet all the requirements — the 
truly geometric world was the Platonic universe of the heavens;? 
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Table 1. Hilberi’s Axioms for Euclidean Geometry 


1) Incidence. Each pair of distinct points determines a unique line and so 
on. 

2) Separation. Each point on aline divides the line into two rays; each line 
divides the plane into two half planes and so on. 

3) Congruence. Along any ray one can mark a segment congruent to a 
given one; given any ray and a half plane adjacent to it, for any angle 
we can find a congruent angle lying in the half plane based on the 


given ray. The “side-angle-side” postulate for congruence oftriangles. 
4) Archimedean property. Given any pair of segments some multiple of 
the first segment is longer than the second one. 
5) Parallel postulate. Given a point and a line not containing it there is a 


unique line through this point parallel fo the given line. 


modern perspective would be that he had a ‘model’ for the 
universe. 


Animportant mathematical feature of Euclid’s theory is that rules 
of deduction are very strict; nothing — not even so-called com- 
mon sense or intuition — can be taken for granted!. However, 
Euclid too fell into some traps set by common sense. One of the 
most (logically) circular parts of his theory is his use of the circle! 
A number of corrected or alternate approaches to Euclidean 
geometry exist today but none has the all encompassing breadth 
ofhis ‘build-the-whole-thing—up-from-nothing’ approach. The 
closest is Hilbert’s approach (see the box for a quick summary). 


«Nowadays the real number system that comes up in Euclidean 
measurement is often constructed algebraically (via the decimal 
numbers) and then imposed on geometry via the Ruler Placement 
Postulate. However, the idea (embodied in the Ruler Placement 
Postulate) that a line is the set of its points would have been totally 
unacceptable to the Greek mathematicians. In fact one of Euclid’s 
attempts was to give a geometric construction of the number 
system. Each numberr is represented by a pair of line segments (the 


The study of real 
numbers required 
a whole new 
geometric insight 
due to 
Weierstrass, 
Dedekind, Cantor 
and others. In 
Euclid’s time only 
Eudoxus and 
Archimedes came 
close to this 
insight. 


' It can never be over- 


emphasised that common 
sense has a love-hate relation- 
ship with science. 
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Figure! Adding numbers . 


first gives the ‘unit’ of measurement and the second givesr when 
measured in those units)’. Some simple constructions (see the 
ments give rise to irrational Figures 1,2,3) show how we can add, multiply, divide and take 
numbers like v2 disturbed the Square roots of numbers represented as above. (Exercise: Justify 


2 The fact that some line seg- 


common sense of Euclid and 
his contemporaries but was not 
in any way an inconsistency in 
the theory. However, not every number of geometrical interest arises by 


successive application of the above constructions to the unit 


these constructions using Hilbert’s axioms.) 


length. Two important unsolved problems of Euclid’s time were 
(1) ‘unrolling’ the circle (2) ‘doubling’ the cube. In fact, as we now | 3 
know from the theory of measure, ‘most’ real numbers cannot be 
constructed by means of straightedge (ruler) and compass; in i 


Greek mathematics the only permissible entities were those f 

constructed in this way. The study of real numbers required a | 
3A relatively ‘unknown Indian’ A ; á d 
bythe name of Madhavacharya whole new geometric insight due to Weierstrass, Dedekind, 
appears to have also come  Cantorandothers. In Euclid’s time only Eudoxus and Archimedes | 


quite close. came close to this insight’. BES 
. E 
4 . . . 

Unfortunately we mathemati- Co-ordinating the Plane/Brain‘* | c 
cians seem to fall into the ‘gum- | 
chewer’ category; we can’t me. ih mt 
chew gum Werbal) and walk in Co-ordinates: A pair (triple) of numbers uniquely identifying âl pi 
a straight line (spatial) at the point on the plane (in space). J a 
same time! | pe 

or 


By the time mathematics had wound its way via the Indian and | 
i Arabic traditions, the algebraic and arithmetic aspects had i | 


Figure 2 Multiplying and 
dividing numbers. 
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tremendous growth. With the use of negative numbers and (the 
all-important number) zero it became possible to talk of all the 
arithmetic operations on numbers. Decimal notation made arith- 
metic operations ‘child’s play’. 


In order to utilise this Descartes devised the following scheme. By 
fixing a point, the origin, on a line it becomes possible to talk of a 
directed distance as a positive or negative number depending on 
whether the end point is to one or the other side of the origin. 


Similarly, he assigned a pair of numbers to every point of the 
Euclidean plane. First one chooses a pair of orthogonal lines 
called the axes. The intersection point of these lines is called the 
origin. The directed distance from the origin to the foot of the 
perpendicular from our given point to the first axis is called the 
abscissa; the directed distance from the origin to the foot of the 
perpendicular from our given point to the second axis is called the 
ordinate’ (Figure 4). (Ihave stated everything in words here to show 


Figure 3 Taking a square 
root. 


Much of 
Euclidean 
geometry 
became absurdly 
simple if 

one used 
coordinates. 


5So powerful is this pair of num- 
bers working together with 
some (by now common) alge- 
bra and arithmetic that we use 
the term ‘coordinated’ for well- 
organised activity! 
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Like all good how cumbersome this original — pre-algebraic — method of 
mathematics, the writing things was; this continued in Europe for quite some time 
Cartesian in spite of the fact that the Indo-Arabic mathematicians had 

coordinates also already introduced variables!) 

opened the door 

to newer On the one hand, it follows from Euclidean geometry that a point 
geometrical in the plane is uniquely determined by its Cartesian coordinates 
ideas. (Exercise: Prove this). On the other hand, much of Euclidean 


geometry became absurdly simple if one used coordinates (at least 
to those mathematicians who knew their arithmetic and algebra) 
— more importantly, the truth of various statements could be 
deduced by calculation (Exercise: Deduce all your favourite 
theorems and riders in Euclidean geometry using Cartesian coor- 
dinates). The tricky definition of a circle in Euclidean geometry 
gave way to the much clearer point of view that a circle is the locus 
specified by an equation (x-a)? + (y-b)? = r? where (a,b) are the co- i 
ordinates of the centre and r the radius (Exercise: try to give this 
definition without using symbols!). While common-sense and j 
intuition seem to take a back seat and algebraic manipulation 
comes to the fore, this is all to the good from the point of view of 
Euclid’s deductive method. 


Aid, PA 


This was not all. Like all good mathematics, the Cartesian coor- 
dinates also opened the door to newer geometrical ideas. F irstly, 
it became possible to talk about the locus associated with any” 
(algebraic or functional) equation involving the two co-ordinates, 
e.g. 


y =x -x 


In other words, the study of plane curves was begun. Secondly, it 
was no longer necessary to “construct” all the geometrical figures 
that were studied (Exercise: Try to find a sensible way of tracing 
out the curve given by the equation above). The equations ; define 
the figures and then the mathematician could “analyse” them 
This led to the term analytic geometry of Descartes as opposed t 
the synthetic geometry of Euclid. Cartesian coordinates also open? 
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4 up the possibility of studying geometrical relations between non- ‘See earlier footnote 4 to see 
s spatial entities—one can draw a graph showing a geometrical WhY this is important. 
g relation between (say) the amount of gum chewed and the linear 
distance traversed. Finally, a most important consequence was 
that one could study geometry in dimensions other than two and 
X three. This idea flowered in the hands of Riemann. 
3 Euclidean 
Li Summary geometry in its 
st original form has 
a) Euclidean geometry in its original form has only a marginal role only a marginal 
e to play in modern mathematics. It is almost totally supplanted by role to play in 
te Cartesian or analytic geometry. Why then do we still learn it? To modern 
r- give us a way of building our geometrical skills while we learn mathematics. 
ry enough algebra and arithmetic to use coordinates. Moreover, it is 
1s probably not easy to discover new results in Euclidean geometry 
0- while thinking about it purely algebraically. 
is Address for correspondence 
id A number of questions remained unanswered even with the Kapil H Paranjape, 


yn simplicity introduced by the coordinate approach. Will the circle 
of be squared? Will parallel lines meet? Can curves be straightened? 
Wait for the exciting next instalment! 


Indian Statistical Institute, 
8th Mile, Mysore Road, 
Bangalore 560 059, India, 


Y, 
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Know Your Chromosomes 


1. Nature's Way of Packing Genes 
2. (eee UU UL 


Vani Brahmachari 


is at the Developmental 
Biology and Genetics 
Department at Indian 
Institute of Science. 
She is interested in 
understanding factors 
other than DNA sequence 
per se, that seem to 
influence genetic 
inheritance. She utilizes 
human genetic disorders 


and genetically weird 
insect systems to 
understand this 

phenomenon. 


Figure] Fromchromesome 
fo DNA.. ¥ is telomere; the 
end of a chromosome; g`- 
longarm; ‘Cen’ is centro- 
mere, which aids in segre- 
gating chromosomes to 
daughter cells during cell 
division; p- short arm; N- 
nucleosome, the unit of or- 
ganization of chromosomes; 
H- histones, which are pro- 
feins present in nucleosomes 
as octamers around which 
approximately 150 base 
pairs of DNA are wrapped. 
Adenine, Guanine, Cytosine 
and Thymine are nifrogen 
containing bases present in 
DNA. 


Vani Brahmachari 


The study of cellular structures including chromosomes 
began as early as the 17th century. The organization of 
chromosomes, the structure and function of genes and the 
role of genetic mutations in diseases continue to be an area 
of intense scientific investigation. 


The size of an average human cell is 20-40 micrometers (um) or 
microns (u). One micrometer is one millionth of a meter i.e, 
106 meters). Deoxyribonucleic acid (DNA) the primary genetic 
material is located in the nucleus which is 8-20 um . The DNA 
present in a single human cell if stretched out completely would 
have a length of about 1.8 meters (6 feet). That leaves us with the 
puzzle of how cells pack up 1.8 meters of DNA insidea tiny sac like 
the nucleus which is 0.000020 meters in diameter!! Nature has 
divided this DNA into 23 pieces and compacted them several fold 
to accommodate them in the cell nucleus. These pieces of DNA 
which are clusters of several genes are called linkages groups 0! 
chromosomes. Therefore chromosomes are nothing but long 
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stretches of DNA compacted with the help of proteins. Under an 
electron microscope, chromatin appears as beads ona String: the 
string being DNA and the beads being the proteins (Figure 1). 


In the 17th century, the structure of various cell types was 
analysed by light microscopy using specific dyes or stains. The 
cellular structures which readily took up the stain were the 
complexes of DNA and protein. Since the chemical nature of the 
darkly stained bodies was not known they were simply called 
‘chromatic elements’ — meaning coloured elements. The term 
chromosome was suggested by W Waldeyer in 1888. The number 
of chromosomes in a given species is characteristic of that species, 
and is maintained constant from one generation to the next. The 
chromosome numbers of some plant and animal species are listed 
in Table 1. Most organisms are ‘diploid’ meaning that they have 
two copies of each chromosome, one received from the father and 
the other from the mother. The sperm and the egg nuclei (which 
fuse during fertilization to form the zygote, that grows and 


develops into a complete organism) contain only a single copy of 


each chromosome. Therefore sperms and eggs are said to be 
‘haploid’. For instance, the diploid number of chromosomes in 
humans is 46 and therefore the haploid number is 23. The 46 
chromosomes in each of our cells carry all the genetic information 
necessary to build a human being, in the form of genes made up 
of DNA. 


Chromosomes: The Vehicles of Heredity 


The number of chromsomes in humans has been known for only 
39 years, while Mendel formulated his laws of inheritance 130 
years ago and his work was rediscovered almost 95 years ago. We 
have been aware of the fact that children take after their parents 
and that certain diseases run in families. Plant breeding has been 
successfully practised by farmers who did not understand the 
genetic basis for crop improvement. Gregor Mendel, regarded as 
the father of genetics, saw a pattern in the inheritance of distinct 
characters in pea plants. The deliberate design of crosses between 


Table 1 
Organism with its 
Chromosome number* 


Man 46 
Chimpanzee 48 
Dog 78 
Donkey 62 
Mouse 40 
Frog 26 
Carp 104 
Silk worm 56 
Fruit fly (Drosophila) 8 
Rice 24 
Wheat 42 
Tomato 24 
Pea 4 
*The number indicates the 


diploid or 2n number of 
chromosomes. One chro- 
mosome of each pair is 
received from the mother 
_ and the other from the fa- 
ther. ` 


The number of 
chromosomes in a 
given species is 
characteristic of 
that species, and 
is maintained 
constant from 


one generation to 
the next. 


4a 


ESS a ee Se eK ee 


Digitized by Arya Samaj Foundation Chennai and eGangotri = 


SERIES | ARTICLE 


ht ln, 
50x10¢m if Cell: is the building block of all Plants 


and animals. There are about 100 
trillion cells in the human body. 


The 46 
chromosomes in 
each of our cells 

carry all the 
genetic 


ó ; -j MATT 
information as 20x10°m Cell nucleus : is present within each 


AEri E ° 
genes necessary at ka k cell except red blood cells in humans 
to build a s75 k and other mammals. This contains 
She : ; 
human being = the genetic material, DNA organized 


as chromosomes. In each of our cells 
there is about 6 feetlong DNA packed 
into 46 units called chromosomes. 


6x10¢m “@ yia iD Chromosome: is along thread of DNA 
A 


<$ “ey, Wrapped around proteins. A specific 
block of DNA represents a gene. 


34 x 10°m = Gene: is a unit of information usually 
— containing information to make apro- 
= i tein. There are about 50,000 -1,00,000 

— genes in each human cell. 


3-5x 10° 3 Proteins: are workhorses of the cell 

” serving various purpose like transpor 
‘ of ions, antibodies to fight infections, 
and as catalysts in various biochem c 


cal reactions. 


pea plants with distinct characters led him to formulate the law! 
of inheritance. The first application of Mendel’s ‘gene’ concepti 
a human trait was by the physician A Garrod. He described tht : 
genetic disease alkaptonuria (Box 2) as an alteration in specifi 


biochemical reactions leading to the excretion of homogentisi : 
acid in urine. He introduced the concept of ‘chemical individu 
ity’ and observed that an individual either does or'does not excre! 

homogentisic acid; no patient exhibits intermediate states. p 


Ae 7 à Y 
other words, the trait is a discrete one. This defect occurred 
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Alkaptonuria 


Amino acids are primarily used as building blocks for proteins 
and as precursors for other biomolecules like hormones, purines 
and pyrimidines. When an excess of protein is ingested, amino 
acids derived from protein degradation are used as a source of 
energy by a process called oxidative degradation. 


In one such pathway phenylalanine is converted into acetoacetyl 
COA through a series of enzymatic reactions. 


One of the steps in this pathway is the conversion of homogentisic 
acid, an intermediate in this pathway, to 4-malelyl acetoacetic 
acid by an enzyme called homogentisic acid 1,2-dioxygenase. 


If an individual has a defect in the gene coding for this dioxygenase 
it will lead to the production of a non-functional enzyme. This in 
turn results in the accumulation of homogentisic acid and its 
excretion in urine. This condition is described as alkaptonuria. 


Defects at other steps in this pathway lead to genetic disorders 
like phenylketonuria, tyrosinemia and albinism. 


children of several first-cousin marriages but not all marriages 
between relatives resulted in children with the disorder. He 
reasoned that there may be some peculiarity in the parents of 
children who inherited the disease. Garrod recognised that 
Mendel’s laws of heredity could provide a reasonable basis for the 
phenomenon. In 1908, he published his monograph on inborn 
errors of metabolism which was a reflection of his great insight 
into the role of genetics in human physiology. As is often the case 
in the history of science, Garrod’s contributions to human genet- 
ics remained unappreciated during his lifetime. 


Before the rediscovery of Mendel’s work in 1900, the process of 


The first 
application of 
Mendel’s ‘gene’ 
concept to a 
human trait was 
by the physician A 
Garrod. He 
described the 
genetic disease 
alkaptonuria as 
an alteration in 
specific 
biochemical 
reactions leading 
to the excretion 
of homogentisic 
acid in urine. 
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It was found that 
what was 
described as 
Mongolism and 
later as Down’s 
Syndrome was 
actually the 
presence of three 
copies of 
chromosome 21 
instead of the 
normal two. 


Figure 2 Diagrammatic 
representation of steps in 
nuclear division during cell 
division. 2n and n represent 
the diploid and haploid state 
of fhe nuclei. In the given 
example 2n = 4. Meiosis 
fakes place during produc- 
tion of fhe egg and the 


sperm. 


cell division, meiosis and mitosis (Figure 2) had been analyseq and 
the chromosomes were identified as entities that are evenly 
distributed between daughter cells during cell division, The 
similarity between Mendelian segregation and chromosomal dis. 
tribution during meiosis was correlated and chromosomes were 
identified as bearers of genetic information. Soon after the redis. 
covery of Mendel’s work (1902 and 1903) chromosomes were 
recognised as units of heredity by different scientists indepen. 
dently. Thus the discipline of cytogenetics developed with experi- 
ments in plants like Lilium and insects like the fruit fly, Dros. 
ophila. Although it was only in 1956 that the correct number of 
chromosomes in humans was established, the Mendelian mode of 
inheritance was illustrated by the inheritance of the ABO blood 
groups by Landsteiner in 1900 and by two German scientists in 1911. 
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In the summer of 1955 Albert Levan, a Swedish cytogeneticist 
visited T C Hsu, who had developed a modified method for 
chromosome preparation and learned the method of preparing 
chromosomes from human cells. Later, Albert Levan with Joe 
Hin Tijo discovered that by adding colchicine, an alkaloid de- 
rived from plants, the highly condensed state of metaphase chro- 
mosomes can be blocked from proceeding further (Figure 3). The 
tissue with which they worked was human embryonic liver. Out 
of the 261 metaphase cells they observed most had 46 chromo- 
somes. To this day a large number of metaphases are observed by 
cytogeneticists before reporting the diagnosis of the chromo- 
somal status of a patient. Following this discovery it was found 
that what was described as Mongolism and later as Down’s 
Syndrome was actually the presence of three copies of chromo- 
some 21 in the patients instead of the normal two. Anomalies in 
chromosome number, in particular that of the sex chromosomes, 
were also reported in patients who had abnormal sexual develop- 
ment. All these were substantiated after the development of new 
meth is for the analysis of human chromosomes. From this 
perspective the revolution in the study of chromosomes referred 
to as cytogenetics seems to have arisen from methodological 
improvements rather than the development ofa new concept. The 
advantage was that inferences drawn from previous observations 
did not lose their value but got further supplemented and rein- 
forced. Thus human cytogenetics attained a new dimension. In 
the following years it was discovered that several human heredi- 
tary disorders are due to chromosomal defects. 


Several human 
heredity disorders 
are due to 
chromosomal 
defects. 


figure 3 Chromosomes as 
visualised by different meth- 
ods (a) scanning electron 
micrograph of human chro- 
mosomes. (b) a metaphase 
spread prepared from lym- 
phocytes (WBC) at met- 
aphase stage of cell divi- 
sion. The banded pattern is 
due to differential glemsa 
staining. (c) a metaphase 
spread photographed un- 
der the microscope; indi- 
vidual chromosomes are cut 
up and arranged in order 
after comparison with a 
standard banding pattern. 
This is called a karyotype. 
This karyotype (provided by 
Dr Sridevi Hegde, St John's 
Medical College, Bangalore) 
ís that of a woman. 
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The procedure of Chromosomal Nomenclature 
preparing a j ing 
picture of The chromosome number in each cell was established but how ya 
chromosomes of was the nomenclature arrived at? In 1968 it was realised that | Its 
an individual is certain dyes stain chromosomes in a non-uniform fashion giving a , 
called rise to lighter regions and darkly stained regions. This produces : : 
‘karyotyping’. the pattern shown in Figures 3 b,c. There is also a variation in the a 
length of chromosomes and in the position of the centromere i 
which helps in the segregation of chromosomes to daughter cells, a 


during cell division. Chromosomes are ordered and numbered by Wi 
two different conventions. Based on their length they areordered wh 
1 to 23. In the other system 23 pairs are distributed into groupsA tra 
to G based on their length and the centromere position. Both _ po’ 
systems are indicated in Figure 3c, the pairs from 1 to 22 are called (d) 
autosomes and the 23rd pair is called the sex chromosome, dis 
typically denoted by the letter X and Y. A female has 22 pairs of 

autosomes and two X-chromosomes (44XX), whereas amalehas Th 
22 pairs of autosomes, an X-chromosome and a Y-chromosome 6,0 
(44XY). Now you can appreciate the fact that by a chromosomal est 


analysis of an individual one can identify any change in number, © E 
length or staining pattern of chromosomes. This procedure of dif 
preparing a picture of chromosomes of an individual is called aP 
‘karyotyping’. LIN 

un 

lea 
From Chromosome to Genes ié 


The total amount of DNA in 23 chromosomes is estimated to be 
three billion (3 x 10°) base pairs. Base pair means a pair consisting i 
of adenine and thymine (A-T) or guanine and cytosine (G-C)— 
the nitrogen containing bases in the building blocks of DNA: i 
Therefore the total amount of DNA in our cell is six billion basa 
pairs (in 46 chromosomes). The identification of any chan8® ee 
the number of chromosomes is relatively easy, but any chane® og l 
loss of only one or a few genes from a chromosome will not lead 10) 
a change in the length that is detectable under a microscop 
normally used for karyotyping. For instance, to find the cause 0 
a hereditary disorder like haemophilia (a genetic disorder resul 


ee 
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ing in defective blood clotting), the challenge before the scientists To find the cause 
was to find a single base pair change out of six billion base pairs. of a hereditary 
Itsounds almost impossible. But scientists have worked out a way disorder like 

of narrowing down the region of the defect step by step. Some of haemophilia the 
the steps in this process are as follows: (a) to derive the pattern of challenge before 
inheritance (autosomal or sex linked) by family history or pedi- the scientists was 
gree analysis; (b) to find the linkage group or the chromosome on to find a single 
which the gene is likely to be located; (c) to find neighbouring base pair change 
markers or genes and (d) finally to find the defective gene itself. out of six billion 
With the advent of modern methods in biology, the order in base pairs. 


which the steps are taken towards identifying a gene related to a 
trait can be different in different cases. But whatever the starting 
point one would like to derive all the information outlined in (a)- 
(d) to help in diagnosis, treatment or prevention of a genetic 
disorder or in finding a gene. 


The total number of genes known in humans to date is reaching 
6,000. But this is only about 6 to 12% of the total number of genes 
estimated to be present in humans, Moreover each gene does not 
function in isolation. It is like the words in a sentence; with 
different meanings in different contexts. Similarly, a gene can be 
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a part of different complex processes contributing to different end Vani Brahmachari, 
products. Most often it is the defect in a gene which leads to the Developmental Biology and 
understanding of its normal function. In future articles, we will Genetics Laboratory, indian 


Institute of Science, 


learn more about the structure and function of individual chro- Bangalore 560 012, India. 


mosomes along with the processes used to study them. 
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Know Your Personal Computer 


1. Introduction to Computers 


S K Ghoshal 


This article describes in brief the basics of the organization 
of the control and processing unit, memory subsystem and 
peripherals of a computer. 


Introduction 
Siddhartha Kumar, Computers are built using semiconductors and other electronic 
Ghoshal works with 5 ? : . 
3 PIR parts, magnetic media and electromechanical devices. Collec- 
whatever goes inside : 
parallel computers. That tively these are called the hardware of the computer. Their organi- 
includes hardware, system zation is subdivided into Control and Processing Unit (CPU), 
software, algorithms and Memory subsystems and peripherals. They come in all sizes and 
applications. From his biliti ine fi buütth 
early childhood he has capabilities, ranging from supercomputers to pen-tops, ut there 
designed and built is a basic unity in their organization. We will first discuss the 
electronic gadgets. One of organization ofcomputersand follow with a discussion on periph: 
che most recent. once erals and software 
among them is a sixteen 
processor parallel 
computer with IBM PC Computation and Memory 
motherboards. 
Just as humans use a base-10 arithmetic system because they 
have ten fingers on their two hands, computers use 4 base 
Figure 1 Computer-memory $ : 3 ae ; 3 ; ion 
arithmetic as digital hardware computes and stores informati 
most reliably in one of two stable states, called OFF and oN: 
Alternatively they are called 0 and 1. Bit is an abbreviation ® 
binary digit. p 
bers p 
Using patterns of bits, computers store integers, rational num v 
called floating point numbers which approximate real numbe ir 


characters and many other data types. 


i 
Figure 1 is a block diagram of a computer. It consist ofaCPU® T 


memory. 
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The advent of personal computers in the early 
1980s revolutionized the applications of computers. 
Computers which were expensive and somewhat 
daunting to the common man suddenly became 
affordable to many small organizations and indi- 
viduals. An early decision by IBM (International 
Business Machines Corporation) to publicize the 
internal hardware structure and interface details 
enabled many manufacturers to design ‘IBM clones’ 
and price them competitively. Concurrently soft- 
ware companies, particularly Microsoft, designed 
an operating system called MS-DOS (Microsoft Disk 
Operating System) which allowed a novice to start 
using the computer. A host of compilers for popular 
programming languages (C, FORTRAN, PASCAL, 
COBOL etc.) appeared. Application programs for 
word processing, database design, accounting and 
numerous other areas were developed. These de- 
velopmenits are of particular significance to India as 


computers became affordable to many colleges, 
schools and individuals. Almost all colleges and 
many schools now have computer centres with 
numerous personal computers. Students routinely 
use them to write programs. As a user one is 
usually curious to know whatis ‘inside the personal 


A CPU can operate on these data types (called operands) and 
produce results specific to these types. The type of the operation 
performed is called the op-code. An op-code combined together 
with the addresses of the operand is called an instruction. An 
instruction is also represented as a bit pattern. 


A collection of instructions is called a computer program, or code. 


About the series “Know Your Personal Computer” 


computer’ and learn details not usually found in text 
books. The intention of this series is to explain in 
some detail the hardware and software of per- 
sonal computers. It will include articles on the CPU 
system, memory system, peripheral systems, PC 
interfacing, basic input-output system, PC operat- 
ing systems, PC networking, multimedia and some 
recent developments related to PCs. 


The topics are chosen such that a science graduate 
will have a reasonably good knowledge of com- 
puter basics, applications of computers and future 
trends if she or he diligently reads the articles in the 
series. It will assist the teacher in supplementing 
information found in text books with issues of prac- 
tical consequence in using personal computers 
and may even be useful in troubleshooting per- 
sonal:computers. 


The series is written by S K Ghoshal who has many 
years of experience in designing systems using 
PCs. Readers are welcome to send suggestions on 
the articles and queries about personal computers. 


V Rajaraman 


Just as humans 
use a base-10 
arithmetic system 
because they 
have ten fingers, 
computers use a 
base-2 arithmetic. 


They are kept in memory, which is a collection of memory cells 
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Self Modifying Code 


This idea of interchange- 
ability of instruction and 
data was one of the most 
important ideas of von 
Neumann. In the early 
days of computers this al- 
lowed one to write self 
modifying programs. So 
the same instruction could 
be executed repeatedly 
each time modifying its bit 
pattern to give it a differ- 
ent meaning or to make it 
access operands from dif- 
ferent memory locations. 
Inthose days memory was 
scarce. So programs had 
to manage with tiny 
amounts of memory (com- 
pared to today’s stan- 
dards) and do alot of work 
by the same standards. 
Thus, without a self-modi- 
fying code many pro- 
grams which later be- 
came the first working pro- 
totype of the many appli- 
cation programs oftoday, 
would never have been 
written. However itis diffi- 
cult to make self modify- 
ing programs work cor- 


rectly and even more diffi- 
cultto document them. So 
their use is discouraged. 


organized in a highly regular fashion. Eight bits are grouped 
together and called a byte. Each byte-wide memory cell has i 
unique address and its contents can be accessed by referring toit 
by the address. The memory is connected to the CPU, usinga 
large number of data and address lines, called a bus. There is an 
address bus which is unidirectional and conveys the addresses 
generated by the CPU to the memory. There is also a bidirectional 
data bus which allows memory to exchange data with the CPU, 


The width of the data bus is usually a multiple of eight. Memory 
is thus often organized in bytes as a whole. Each byte has a unique 
address. A byte is the minimum unit of information exchanged 
between the CPU and the memory. Each data type needs an 
integral number of bytes to be represented. 


When data is brought inside the CPU for manipulation, it is kept 
in memory cells which are located in the CPU and called registers. 
Registers are also as wide as the integral multiple of bytes. 


Each instruction also needs an integral number of bytes to be 
stored. The CPU fetches, decodes and executes them one by one. 
The CPU has an internal register called the program counter (PC) 
to index into the code memory and point to the next instruction 
to be executed. There is no way to distinguish between at 


instruction and a data-type and this fundamental limitation of 
today's computer organisation delays the development of correct 


programs. 


The main memory ofa computer can be read and w. 
which is to be manipulated is stored in it. The co 
translated from highlevel language is also kept in th 
memory. Code memory should not be over written al 
programs called self modifying code do this. 


When digital hardware is switched on, it is uninitiali a 
; ji 
one-bit memory cell of the system can be in a state dorl,w i 
: ; ; ; f 
is decided randomly as it depends on so many physical parame 
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beyond the analysis and control of the system designer. Thus 
before hardware can be used, it must be initialized. 


Thatis done by executing the code from aread only memory (ROM) 
which cannot be altered by the CPU and which retains the 
information even when the computer is switched off. ROMs also 
contain many data objects that are needed to initialize the com- 
puter before it can be used. Programs and data stored in a ROM 
are collectively referred to as the firmware of the computer. In 
order to make the CPU begin its execution by fetching code from 
the ROM, a signal called RESET is applied to the CPU from 
outside. In most systems it is generated when the system is 
switched on. Optionally there is a reset button. 


Main memory is made of two types of memory cells: static RAM 
(SRAM) and dynamic RAM (DRAM). Static RAMs consume 
more power per bit but are faster. 


A given computer system has both of the above types of 
memory. A small amount of SRAM and a large amount of 
DRAM comprise the main memory system. Programs display a 
phenomenon called coherence which can be used effectively to 
design the memory systems of computers. There are two types of 
coherence: 


@ Temporal Coherence which means that if a given memory 
location is accessed now, there is a fair chance that it will be 
accessed soon again. 


@ Spatial Coherence which means that ifa given memory location 
is accessed, it may well be that its neighboring locations will be 
accessed next. 


Thus it helps to keep frequently accessed blocks of memory in fast 
SRAMs, which are backed up by slower but larger DRAMs. This 
Principle is called caching. The smaller, faster memory at the 
higher level (i.e., closer to the CPU) is called cache memory 
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Locality of Reference 


There is a phenomenon 
called locality of reference 
which programs display 
when they are executed. 
In fact 90% of the time they 
access 10% of the total 
memory locations they 
use if one takes an aver- 
age over a large number 
of programs. Both tempo- 
ral and spatial coherence 
are responsible for this. 
Temporal coherence oc- 
curs because programs 
often execute in tight 
loops, waiting for an it- 
eration to converge or for 
some other event to take 
place. Spatial coherence 
arises because program- 
mers offen place data ob- 
jects of the same type (for 
example the elements of 
a matrix) in consecutive 
memory addresses and 
perform similar transfor- 
mations on them, one by 


one. 


The memory is 
connected to the 
CPU, using a large 
number of data 
and address lines, 
called a bus. 


51 


What is a ‘Cache’? 


The dictionary meaning for 


cache is “a hiding place 
for food and stores left 
behind (e.g. by explorers) 
for future use”. In comput- 
ers however, it denotes a 
small but fast memory 
which acts as a tempo- 
rary storage or as a buffer 
between two levels of 
memory. 


Caching is used 
at all levels ina 


memory 
subsystem design. 
The aim is to 
provide a 
memory that — 
appears as fast 
as the cells in the 
highest level and 
as large as the 
capacity of the 
lowest level. 
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whereas the larger and slower memory at the lower level, further 
away from the CPU is called main memory. 


Note that this usage is relative as there are usually many levels i 
a hierarchical organization ofa memory system and what is cache 
memory at a given level may itself be main memory at the ney, 
upper level. Caching is used at all levels in a memory subsystem 
design. The aim is to provide a memory that appears as fast as the 
cells in the highest level and as large as the capacity of the lowest 
level. For programs that are coherent, this aim is realized to a large 
extent. Between the SRAM and DRAMs of the memory system, the 
caching functions are performed in hardware, that is, by designing 
and physically implementing digital circuits using semiconductor 
integrated circuits. These circuits are called cache controllers. 


Caching is transparent to the program that is running on the 
computer or the programmer who wrote the program. The pro- 
gram does not need to be written in a special way to accommodate 
caching. Nor does the programmer even have to be aware of it | 
Whether at a given point of time during the execution of the 
program (called runtime) a given data object or instruction is there 
in the main memory or the cache memory is decided based on the 
behaviour of the program in the immediate past and other ground 
realities prevailing at that instant. 


Secondary Memory 


Main memory is too small to hold all the data and code hati 

required. So secondary memory, which is magnetic in nature, is ues 
to supplement main memory. Secondary memory is slower, buts 
cheaper per byte and is much larger in size, than the mat 
memory. It can be used in two ways: | 


i 
@ Virtual memory where the magnetic disk holds the code ai 
data objects which are not needed at the very moment 4 
runtime. However, the objects are placed in such an ad 


space that they can be addressed by the CPU (this add i 
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space is called the virtual address space because it need not 
always be populated by physical memory) directly at any time. 
They are kept in disks and loaded into the main memory when 
needed. To make room for them, some other blocks of 
memory which have not been used for sometime are stored in 
the disk. 

@ Archival storage where objects are removed from the CPUs 
address space. They are brought back by a time consuming 
process requiring human intervention. 


For implementing virtual memory, random access magnetic stor- 
age media, typically disks, are employed. This is because the CPU 
may potentially require any item in its virtual address space at any 
runtime. The physical location of the object referred in the virtual 
address space should not affect its access time. So magnetic 
memory devices such as floppy and hard disks, whose arms can 
seek any desired track are used to implement virtual memory. 
Such devices are called swap devices because they swap data objects 
and code pages to and from the main memory. Ofcourse floppies 
are much slower as swap devices and in most cases it is impractical 
to use them due to their small storage capacities. Ina hard disk, the 
magnetic material is coated on mechanically inflexible (hence the 
name) circular aluminum platters which rotate at very high 
speeds and the read/write heads float above them at a very small 
height. Hard disks can record data at very high densities and 
access them very fast. In floppy disks, a flexible substrate (hence 
the name) coated with a ferromagnetic material is squeezed by a 
pair of heads. Floppy disks are cheap and can be removed from the 
drives. 


For archival storage and retrieval of data and programs, one can use 
sequential storage devices. An example is magnetic tapes. They can 
be accessed only from the beginning to the end and an object which 
is placed deep inside the medium can be accessed only after all other 
objects preceding it have been accessed and/or skipped. For backing 
up and restoring contents of memory, this is adequate. Tapes cost 
very little per bit of storage. Their capacities too are enormous. 
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What is a 
‘Transparent 
Mechanism’? 


We call something trans- 
parent, if light passes 
through it. Glass is trans- 
parent. So one does not 


see glass itself. One sees 
what is behind the glass. 
if the means of making 
something happen is not 
visible, that mechanism is 
called fransparentincom- 
puter parlance, 


In a hard disk, the 
magnetic material 
is coated on 
mechanically 
inflexible (hence 
the name) 

circular 

aluminum 

platters which 
rotate at very high 
speeds and the 
read/write heads 
float above them at 
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There is no way to Caching is employed between the swap device and main Memo 
distinguish Frequently referred objects are retained in the main memory 
between an Objects not in use are put back into the swap device. This jg One 
instruction and a of the memory management chores that an operating system of 
data-type and the computer performs routinely. Users and developers of com. ( 
this fundamental puter programs need not be aware of these functions. 
limitation of | 
today's computer Thus objects go up and down the levels of memory hierarchy (se 
organisation Figure 2). An object which is frequently used will eventually fing : 
delays the itself in the CPU registers provided it is small enough to fit there, 
development of On the other hand, objects not in use will go further and further | 
correct programs. away from CPU until they are backed up in a tape and removed | 


from the computing system. 


Peripherals 


These are attached to the computers. They extend the computers 
capabilities to function like printing on paper, exchanging infor- 
mation with other computers, accepting input from human be 
ings, displaying text or graphic images and the like. Peripherals, 
by themselves cannot do anything. They always need to be 


2 i 4 
i | CPU REGISTER (128 bytes, 15nS delay) | 3 
2 -E 
= Ba ( 
SRAM CACHE (256 Kbytes, 40nS delay) 
= ( 
( 
DRAM MAIN MEMORY \ 
(512 Mbytes, 150nS delay) ] 
Í 
HARD DISK SECONDARY MEMORY 
Figure2 Levels of memory (8 Gbytes, 20mS delay) 7 ; 
hierarchy, typical site and m | ‘ 
eed at each level is gi Z B 
Ssp ar each ievel is given Z TAPE ARCHIVAL MEMORY S ‘ 
as of 1995. These typical A (256 Tbytes, 7days) D 1 


numbers change every year. 
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attached to a computer, usually referred to as the host computer. 
Peripherals too can have theirown memory, but thatis beyond the 
virtual address space of the host computer. Often they have their 
own built-in CPUs which perform special functions within that 
peripheral device. In such cases, the microcontroller chip con- 
taining the CPU is called an embedded controller. 


Software 


The set of programs that run on a computer is collectively called 
its software. There are two types of software: 


@ System software which manage resources like the CPU and the 
main memory, extend the capabilities of the hardware and 
otherwise help users and application programs use the computer. 

@ Application software which run on the computer and have some 
end use. 


Examples of system software are operating systems, different 
utilities and high-level language compilers. 


There are many types of applications of computers. Numeric 
graphic, database and symbolic computing applications are some 
of them. Certain computers are specially suited for certain appli- 
cations, and they keep evolving towards performing better and 
being more usable in these applications until they end up being 
embedded controllers in a special purpose equipment. Others are 
designed, built, sold and used as “general purpose computers” 
which can run applications from a wide range of fields but do not 
perform optimally in any of these roles. We will focus our atten- 
tion, in future articles on general purpose computers. 


We will learn more about CPUs, memory subsystems, system 
software and application software in the subsequent articles with 
special reference to personal computers. If you have any reactions 
to this article or the subsequent ones, please write to me. 


Peripherals 
extend the 
computers’ 
capabilities to 
function: they 
help in printing 
on paper, 
exchanging 
information with 
other computers, 
accepting input 
from human 
beings and 
displaying text or 
graphic images. 


Address for correspondence 
SK Ghoshal, 
Supercomputer Education 


and Research Centre, 
Indian Institute of Science, 
Bangalore 560 012, india. 


RESONANCE | January 196-0. In Public Domain. W \w Collection, Haridwar í 55 


ne 
Digitized by Arya SERIES TART Cee and eGangotri — 


Learning Organic Chemistry 
Through Natural Products 


1. Natural Products - A Kaleidoscopic View 


NR Krishnaswamy 


A naturally occurring organic compound has been chosenty 
AES lata ill t tructure determination by chemical 
was initiated into the world illustrate (a) structur y aland Spec. 


of natural products by T R troscopic methods, and (b) synthesis and chemical transfor. 
Seshadri at University of mations. 
Delhi and has carried on 
the glorious traditions of 


Ae has taught Organic chemists isolate or synthesize new compounds all the 


at Bangalore University, time. How does one identify their structures? Some may answer 
Calicut University and — “X-ray”! However, X-ray diffraction can be used to determine 
Sri Sathya Sai Institute of 


structures only for compounds which form single crystals. Forthe 


Higher Learning. Tae 5 E 
of students vast majority of organic compounds, structure elucidation is 
would vouch for the fact carried out by a combination of chemical transformations and 
that he has the uncanny spectroscopic analyses. In this article we discuss the general 

ability to present the . : 
op approach that is followed using a natural product as an example. 
chemistry of natural 
products logically and 


with feeling. In order to keep the focus on chemistry, we defer giving its trivial 
name and plant source till the end of the discussion. An addi- 
tional bonus of such an approach is that the student logically 
deduces the structure from the given set of data and does not 
merely recall the structure from memory. Further, wherever pos 


‘Empirical formula is deter-  Siblewelook at a problem from different angles thus covering 4 


mined from combustion wider ground. 
analysis. 


5 We 
2 Thin layer chromatography As our first example we choose a molecule, designated as A. a R 
(TLC) is an analytical tool to describe two different analytical approaches and a synthe re 
Ree e 
separatecompoundsbasedon approach for elucidating and confirming its structure. Th m 


. . A . . z (a 
their differential interactions classical method which has developed over the years from 4 lange ar 
with a stationary phase and a 


6 5 : su 
Pv ncecten Accedeawith volume of experimental work will be described first. 

a greater relative affinity for the fhe 
solvent moves faster higher R, The first step in structure elucidation is the determinatioD® 


value) on a TLC plate. correct molecular formula, which for compound A is C,His l 
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Nature is a remarkable and excellent teacher, For 
effective learning, one needs a suitable language 
and the language of organic chemistry appears 
ideal for understanding nature at the molecular level. 


The molecules of nature, the small and the big, 
individually and collectively give form, shape and 
substance to the living organisms in which they 
occur. The key to their biological functions is their 
chemistry which in turn is intimately associated with 
their structures. Therefore, the first step in the study 


of biomolecules is to find out their structures and 
stereochemistry. Next, the reaction profiles of a 
molecule need to be established as they enable us 
to understand fhe biological activity. An organic 
chemist does not just stop at that, but goes further 
by creating it ingeniously in the laboratory using 
tools of her own. This synthesis is an integral part of 
organic chemical research and the inspiration for itis 
provided by nature. Thus, ihe chemistry of natural 
products forms a wide canvas portraying every kind 
of organic chemical activity and going beyond. Itacts 


*A structure is like a skeleton. What gives it ‘life’, like 
flesh and blood, are the bonding and the non-bond- 
ing electrons incorporated in the structure. 


What is the next step? The functional groups are to be determined 
now. The nature of the oxygen functionality is shown by a simple 
reaction which can even be demonstrated on a thin layer chro- 
Matogram.* The adjacent picture shows the TLC behaviour of A, 
and the product obtained after treatment with acetic anhydride or 


sulphuric acid. 


From the chromatogram it can be inferred that A has a hydroxyl 
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The Series on “Learning Organic Chemistry Through Natural Products” 


as a bridge for transferring principles and concepts 
of chemistry to the biosciences thus providing a 
molecular basis for biological phenomena. 


How does effectively learns a subject of such vast 
dimensions within a short time is an intriguing 
question. At present organic chemistry is taught in 
a narrative form and the student is compelled to 
memiorise a vast amount of descriptive data and a 
wide variety of apparently unconnected structures. 
It is therefore not surprising that the subject is not 
favoured by serious students seeking intellectual 
contents. This is unfortunate since half a dozen 
carefully chosen natural products can fake a stu- 
dent to every nook and corner of organic chemistry, 
and illustrate and highlight important guiding prin- 
ciples of the subject. This can be done by removing 
artificial barriers which at present divide natural 
products into various structural categories. *There- 
fore, when one shifts the focus from the gross 
skeletal structure fo the interior electronic configu- 
ration, the need for classification based on struc- 
tural types loses importance, and the emphasis 
shifts to fundamental chemical principles which are 
few and unifying. 
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3 (a) MnO, is a specific oxidant 
for allylic and benzylic alcohols, 
(b) DNP derivatives of saturated 
carbonyl compounds are pale 
yellow, whereas highly conju- 
gated compounds like benzo- 
phenone give brick-red prod- 
ucts with DNP. 


4 Qzonolysis cleaves a double 
bond to produce two carbonyl 
compounds. Oxidative workup 
converts an aldehyde to the 
carboxylic acid. Ketones are 
unaffected. 
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group since it undergoes acetylation. B moves higher with th 
solvent (higher R, value) indicating its weaker interaction with 


the silica surface. 


A can be oxidised with MnO, to yield C (C,H, 6O) which forms an 
orange-red derivative with 2,4-dinitrophenylhydrazine (DNP); 
These observations suggest that C is ana, f-unsaturated aldehyde 
or ketone. Compound C does not answer the iodoform tes 
(1,/OH_), but reduces Tollen’s reagent, suggesting that it is not, 
methyl ketone, but an aldehyde. 


` A on catalytic hydrogenation gives a tetrahydro derivative 
D (C,,H,,0), showing thereby that it has two double bonds. The 
molecular formula of D also shows that it is a saturated alkanol, 
Therefore, A is a doubly unsaturated, acyclic allylic primary alcohol, 


Ozonolysis of A followed by oxidative workup‘ yields one mol- 
ecule each of acetone, glycolic acid, and a keto carboxylic acid E 


eels 


‘A’ (Geraniol) 


| ozonolysis 


i cm, COH 
Sr 


CH; 


cy + 
Hc So H02 
Acetone 


x CH20H 
(Levulic acid) Glycolic 


| 1,/OH- 


Succinic acid 


a 
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(C,H,O,). Compound E on treatment with 1/OH- gives succinic 
acid. These reactions are shown in Scheme 1. The keto acid E could 
therefore be identified as levulic acid. The structure of A can thus 
be logically derived as shown in the scheme. This compound is 
Geraniol which is a component of several essential oils including 
the oil of Geranium.’ 


We will now describe an alternative approach based on modern 
instrumental methods for finding out the structure of geraniol.® 
Among the advantages of this approach are the fact that unlike the 
classical chemical method, it is by and large non-destructive and 
can be operated on micro quantities of the compound. But the data 
obtained from the two approaches are not the same and, taken 
together, they give a more complete picture of the molecule than 
that available from either set of data. Therefore the best approach 
to structure determination would be a judicious combination of 
spectroscopic methods with a few selected chemical transforma- 
tions. 

In order to determine the chromophoric (‘colour producing’) 
groups a UV/ Vis spectrum can be taken.’ The UV spectrum of a 
methanolic solution of A shows an intense absorption at about 205 
nm. In the UV spectrum of C, there are two absorption maxima at 
205 and 232 nm. The inferences are: A has two similar, if not 
identical chromophores. The position of the absorption maxima 
indicates that they are trisubstituted ethylenic double bonds. In 
C, one of these chromophores is retained while the other, respon- 
sible for the maximum at 232 nm, is ana, B-unsaturated aldehyde. 


The IR spectra of A and C provide important information.* The 
spectrum of A has a broad band at 3350 cm! which is absent in the 
spectrum of C. This band is due to a hydroxyl group. The spectra 
of both A and C have bands at 3040 (=C-—H), 2920, 2860 and 1350 
(CH, and CH, groups) cm. These bands show that A and C 
possess an aliphatic skeletal framework with one or more double 
bonds. The most prominent absorption band in the spectrum of 
C is seen at 1680 cm™ which is absent in the spectrum of A. This 


* Biosynthetically, geraniol is 
the first member of the terpe- 
noid family arising from two 
units of mevalonic acid, 


HO CH3 


HOCH, C0jH 


Mevalonic Acid 


* The following five paragraphs 
contain advanced material, 
and will require some knowl- 
edge of spectroscopy. 


’ UltraViolet absorption arises 
due to electronic excitation of 
functional groups called chro- 
mophores. For example, in an 
olefin it is an electronic transi- 
tion from the z-orbital to the 
2*—orbital. 


InfraRed spectroscopy is used 
to characterize vibrational 
(stretching, bending etc) energy 
levels of molecules. Groups 
such as O-H, C-H, C=O can be 
easily identified from IR spec- 
tra. The nature of the C=O [e.g., 
acid chloride, amide, ester etc.) 
can also be determined. 
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° Nuclear magnetic resonance 
is a technique in which the en- 
ergy levels of magnetic nuclei 
can be observed by looking at 
the absorption (resonance) of 
electromagnetic radiation in the 
presence of an external mag- 
netic field. Hydrogen is one 
such nucleus, and the chemi- 
cal environment of the hydro- 
gen affects the resonance fre- 
quency making It a valuable 
analytical tool for chemists. This 
resonance frequency, con- 
verted to a parts per million di- 
mensionless scale, is reported 
as the 6 value. Typically, higher 
the partial positive charge on a 
hydrogen atom, higher is its 6 
value. 
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band is due to thea, B-unsaturated carbonyl group. The presence 
of the CHO group in C is also indicated by a band at 2800 cm! 


The 'H-NMR spectra of A and C provide the most compelling 
evidence for their structures.’ The spectrum of A has signals at 6 
(s, 6H), 2.3 (s, 3H), 2.4-2.5 (m, 4H), 3.5 (d, 2H), 5.1 (t 1H) and 5.3 t 
1H). These data show the presence of three methyl groups on sp 
carbons, two olefinic hydrogens (each onacarbon atom next toaCH 

group as the signals appear as triplets), and a CH,-CH, unit, The 
signal at 53.5 is due to the-CH,OH end group next to an sp? carbon, 
This signal shifts to 64.5 upon acetylation of A. From these data itis 
possible to deduce the structure of A as shown in Scheme 2. 


In the NMR spectrum of C, the two proton signal at 63.5 is 
missing, and instead, there is a one proton doublet at 69.3, dueto 
the aldehydic proton. 


ae. Le. 


Mt (m/z 154) 


a 
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Scheme 3 gives the mass spectral fragmentation of A.!° Besides the 
molecular ion signal at m/z 154, there is a prominent peak at m/z 
153. This can be accounted for in mechanistic terms, and lends 
strong support to the structure. 


Finally, the structure of geraniol is confirmed by synthesis. 
Whereas the analytical approach involves the dissection of the 
molecule into smaller recognizable units, the synthetic approach 
involves the reconstruction of the proposed structure from smaller 
molecules using predictable and unambiguous reaction path- 
ways. One synthetic approach is shown in Scheme 4. Explanatory 
notes have been deliberately omitted as the students should 
themselves logically determined each and every step of the reac- 
tion sequences. 


We conclude this brief account of the chemistry of geraniol with 
a short note on its stereochemistry. This compound is optically 
inactive and non-resolvable, but can assume several conforma- 
tions. On acid catalyzed dehydration, geraniol yields dipentene as 
one of the products. The formation of this cyclic terpene which 
can be rationalized, as shown in Scheme 5, illustrates the impor- 
tance of appropriate conformations in intramolecular reactions. 
This example can also be used for demonstrating the formation, 
stability and fate of a carbocation. 


H H2/Pd-BaSo, 
Agr tac — Het ae 


or ees 


CH3gCOCH2CO2Et 
C2H507 Na* 


2 Mass spectrometry, in its sim- 
plest form, involves ionization of a 
molecule with high energy elec- 
trons, and detecting lons, or their 
fragmented units according to their 
mass fo charge ratio. This is a 
valuable tool for determination of 
the molecular mass, as well as for 
structure elucidation — since the 
fragmentation pattern is unique 
for a given molecule. 


The analytical 
approach involves 
the dissection of the 
molecule into smaller 
recognizable units; 
in the synthetic 
approach we 
reconstruct the 
proposed structure 
from smaller 
molecules using 
predictable and 
unambiguous 


reaction pathways. 
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A 


( 
I 
Geraniol t 
‘ 
I 
c 
As can be seen from the structure (box in Scheme 5), geraniol E 5 
; : : e 

the E configuration at the unsymmetrically substituted ou t 

bond. The Z isomer also occurs in nature and is known as nerok 

ee: ; te 
Nature converts geraniol into nerol via geranyl pyrophospha 4 I 

: i : a 
The two configurational isomers (diastereomers) have sepa! 

Address for correspondence ý TO 4i ane ral give I 

NR Krishnaswamy, existence. However, upon oxidation, both geranial an fh 
Í ; s ets z jxture | t 
Visiting Professor, amixture of aldehydes (citral) which is an inseparable mixturi 2 
9 Š : ] I 
NMKRV College for Women geraniol and neral. (Can you explain why the two dina B 
yithipG centre; ofthe aldehyde co-exist in contrast to those of the parent alco Bo” 
Jayanagar III Block, : iol has th t 
Bangalore 56001), India. A related problem is how you would prove that geran =. 
E configuration?) e 
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The Honeybee Dance-Language Controversy 


Robot Bee Comes to the Rescue 


Raghavendra Gadagkar 


Language is usually credited with being the major factor in 
making humans so different from other higher animals. 
The fact that honey bees have a dance language that is 
unparalleled in the rest of the animal kingdom is therefore 
of great interest. Successful forager bees communicate 
information about the source of food discovered by them, to 
their sisters upon returning home. They do this by means of 
a round dance (which only says, there is food nearby) or a 
waggle dance which gives information about the distance, 
direction and quantity of food to be expected. Karl Von 
Frisch bagged the Nobel Prize in 1973, mainly for decipher- 
ing the dance language of honey bees. However there are 
some sceptics who believe that the dance that the foragers 
do perform may have no communication value and that 
bees locate sources of food based on the scent left behind by 
the discoverer on the way to and at the location of the food 
source. While bees can find food based on such odours, 
recent experiments, using a robot bee, convincingly dem- 
onstrate that bees can also find food, in the absence of 
smell, on the basis of information communicated through 
the dance language. ; 


Language - The Prime Mover 


Humans and chimpanzees share 99% of their genetic informa- 
tion. What then makes us so different from chimps? Our language 
is often credited with being the prime mover in making humans 
what they are. We have a unique ability to modulate our vocaliza- 
tions because of the unusual structure of our vocal tract. For this 
we incidentally pay the price of the risk of choking to death while 
eating or drinking. Non-human apes can neither produce compa- 
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The waggle dance rable variations in sound nor do they choke as they can simulta 
has been shown neously eat or drink and breathe. The unique structure of a 
to convey infor- vocal tract, taken together with our superior brains that Permitys 

mation on the to detect virtually infinite variations in sound and associate them 
distance between with objects or thoughts in an arbitrary and symbolic (see below) 
the colony and manner, lead to man’s unparalleled ability to communicate ang 
the food, the change the world. The only sobering fact is that we are not quite 
direction in which alone, at least in our ability to use a symbolic language. The only 
the food source is other example of a well-developed system of associating environ. 
located as well as mental stimuli in an arbitrary and symbolic manner with “univer. 
an indication of sally understood meanings” is seen in the dance language of the 
how much food is honey bee. The claim is not that honey bees come anywhere near 
to be expected. humans in their communication skills but that no other non- 


human animal, vertebrate or invertebrate, can match even the bee 
dance language. 


Honey Bees 


Honey bees live in extremely populous colonies and maintain an 
elaborate social organization. Every colony has a single queen, a 
few hundred drones (males) and tens of thousands of workers (all 
females). The queen is an egg laying machine and a chemical 
factory. She is responsible for all eggs laid in the colony and she 
manipulates the behaviour of the workers through various phero- 
mones (chemical messengers) that she releases from time to time. 
The workers take on the responsibilities of nest construction and 
maintenance, brood care, and foraging for nectar and pollen from 
the environment. The drones do nothing for the colony itself and 
are chased away (often with limited success) during times of food 
scarcity. The success of honey bees to maintain such large colo- 
nies can be attributed to their ability to efficiently harvest larg 
but ephemeral sources of pollen and nectar from flowers in a 
ae 3 i ae neighborhood. This in turn depends crucially on the va 
Frisch, reciplentof the Nobel ability ofa successful forager bee to quickly recruit large pu. A 
| prize in 1973 for his discov- of naive workers from its colony to a newly found source of fo 
ery of the honey bee dance After decades of painstaking observations and many false $ 
language. the Austrian zoologist Karl von Frisch (Figure 1) discover? : 


i 
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deciphered the honey bee dance language which enables such 
recruitment. 


The Dance Language 


A successful forager that returns to the colony attracts the atten- 
tion of her sisters by means ofa chemical she releases upon arrival. 
This usually ensures her an attentive audience to begin her dance. 
The forager, who alone possesses information on the location of 
food, performs either a round dance or a waggle dance (Figure 2). 
During around dance the bee runs in small circles, often alternat- 
ing between clockwise and counterclockwise directions. During 
the waggle dance, the forager waggles her body from side to side 
about 13 times per second while running in a straight line, and 
then returns to the starting point without waggling her body, in 
a clockwise or counterclockwise direction. She then repeats the 
waggle run, thus inscribing a figure of eight. The round dance is 

performed if the food is within 100m or so of the colony and the 

waggle dance is performed if the food is located beyond that. The 

round dance appears to provide no more information than that 

there is food close by. But the waggle dance has been shown to 

convey information on the distance between the colony and the 

food, the direction in which the food source is located as well as an 

indication of how much food is to be expected. The dancer also 

carries the smell of the pollen and/or nectar that she has recently 

encountered and that adds to the knowledge of the potential 
Tecruits, both during the round dances as well as during the 
waggle dances. 


Is It a Language? 


The direction of the waggle run contains information about the 
direction of the food. Most species of honey bees dance on the 
vertical surface of the nest which is built inside a dark cavity. 
Hence the bee uses gravity and not the sun as the reference point 
while dancing. For this the bees have to transform the angle 
between the sun (or, to be more precise, the sun’s azimuth, 
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The bee uses 
gravity and not 
the sun as the 
reference point 
while dancing. 
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Figure3 The waggle dance 
orientations illustrated for 
three different positions of 
the food source. When the 
food is in the direction of 
the sun as in | the waggle 
run is directed upwards and 
when the food source Is in 
the direction opposite to the 
sun, the waggle run Is di- 
rected downwards. When 
the food is 80 degrees to 
the left of the sun, the 
waggle run Is 80 degrees fo 
the left of the vertical. 


SANJEEVA NAYAK 


meaning its projection on the horizon), the food, and their nest, 


into an angle with respect to the vertical. This is where the 1 
arbitrariness comes in. The symbolic representation that all bees — z 
seem to have “agreed” upon is to represent the direction ofthesun 

with a waggle run pointing straight up, a direction against the sun 1 


with a waggle run pointing straight down, a location of food 60 
degrees to the right of the sun with a waggle run direction 60 
degrees to the right of the vertical, and so on (Figure 3). Every 
direction in the outside world can thus be accurately conveyed by, 
the angle of the waggle run except only when the sun is exactly 
overhead at the equator (when the bees simply rest for a few 
minutes!). The number of figure eight circuits made per unit time 
and the duration of each waggle run indicate the distance betwee? 
the nest and the food source. There are good reasons to call this 
communication system of the honey bee a language. Firstly, the 
bee language conveys information about something at great dis- 
tanceand not visible at the time of communication. The notations 
are arbitrary; “up” means in the direction of the sun because th?! 
is what the bees seem to have “agreed” upon, but it could as We 

have been that “down” means in the direction of the sun- More 
interestingly, the bee dance language also has dialects. THe? a 
slightly different calibrations of the figure of eight circuit dura: 
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Figure4 Offferent dialects 


= 


9,5 a = cate Re hie i of Egyptian, Itallan and Ger- 
ee | man bees. The distance cor- 
—_——, | responding to a circuit du- 
F | Egyp tanpon ration of 25 seconds for 
3 | See example, is about 200m for 
Z 2s j OET Gees E Egyptian bees, about 300m 
g | emis i for Italian bees and about 
ile yt Goman bess | | 500m for German bees. 
5 2 ee 
S Pe 
A a 


Distance (m) 


tion with distance depending on the races of bees one is looking 
at (Figure 4). 


The Controversy 


Karl von Frisch won the Nobel prize in 1973 for this discovery in 
spite of a challenge to his theory of the dance language thrown up 
by two scientists from California, Adrian Wenner and Patrick 
Wells. Their claim was that von Frisch’s decoding of the dance 
language was a mere delusion and that bees really locate food 
discovered by their sisters by means of scent left by the original 
discoverer on the way to and at the location of the food. This 
counter argument cannot be dismissed out of hand because bees 
havea very well developed sense of smell. They are indeed capable 
of finding food discovered by their sisters by means of the scent 
of the discoverer on the way to and at the location of the food, 
under some circumstances. However, the question is not so much 
whether bees can ever locate a food source successfully by means 
of odour cues left by the discoverer. The question of interest is 
whether bees can ever successfully communicate using a sym- 
~bolic, arbitrary dance language without the need for scent marks 
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The question of 
interest is 
whether bees can 
ever successfully 
communicate 
using a symbolic, 
arbitrary dance 
language without 
the need for scent 
marks of the 
discoverer along 
the way to and at 
the target loca- 
tion. This can only 
be tested by 
eliminating the 
scent marks of 
the discoverer 
and retaining 
only the informa- 
tion provided by 
the dancer. 
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of the discoverer along the way to and at the target location Thi 
can only be tested by eliminating the scent marks of the discover 
and retaining only the information provided by the dancer, Thi 
was accomplished in an ingenious way by James L Gould of 
Princeton University. He made the bees “lie” and Proved the 
existence of a true language! 


Bees Can Tell Lies 


Ifa bee nest is removed from its normally dark cavity, the dancey 
need no longer use “up” to mean in the direction of the sun; they 
can as well aim their waggle runs in the direction of the food 
source using the sun directly as a reference point. The waggle runs 
can now be in the direction of the sun, away from the directionof 
the sun or 60 degrees to the right of the sun and so on, depending 
on where the food is located. A nasty trick used by Gould was to 
place a powerful source of artificial light close to the nest. When 
you do this the bees then ignore the sun and confuse this light for 
the sun. In other words, they orient their dances with referenceto 
this artificial sun. If the light is placed in a position very different 
from that of the real sun, bees use the real sun while foraging, and 
the artificial sun while dancing and thus communicate com! 
pletely wrong information. In addition to their two compound 
eyes, honey bees have three simple eyes called ocelli on the back 
of their heads. These ocelli are used to sense the intensity of ligh 
and help bees to decide when to start and when to stop foraging 
The ingenuity of Gould’s experimental design was to paint tht 
ocelli of the dancers so that they could not see the bright light 
They therefore reverted to using gravity for conveying orient 
tion and letus say indicated 60 degrees to the right of “up” becaus 
the food was located 60 degrees to the right of the real sus 
However, the recruits (the dance followers) had normal unpas 
ocelli and mistook the bright light to be the sun. Thus the rect 

were expected to go to the misunderstood location, 60 degree 

the right of the bright light instead of going to the true 
60 degrees to the right of the real sun. Gould of course W® " cif 

at this “wrong” location (60 degrees to the right of the : 


> 
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is light, at the appropriate distance) where he was confident the A Michelsen and 
T recruits would go and sure enough he was rewarded by the arrival B B Andersen 
his, of the bees! Notice that the bees should have gone to the correct from Denmark 
of location, 60 degrees to the right of the real sun if they had relied and Wolfgang 
he on the scent of the dancers on the way to and at the location of the Kirchner and 
food. Although von Frisch retained the Nobel Prize, even this Martin Lindauer 
elegant experiment did not set the controversy to rest. from Germany 
have constructed 
The Robot Bee — A Novel Solution a mechanical 
ers “robot” bee that 
ley The main problem is that we cannot claim to know exactly what talks to the real 
Nod it is that the dancer is telling the recruits. What we need is to be bees through a 
Ins able to talk to bees in their own language and restrict communi- computer. 
of cation to only those elements of the language that we have 
ing deciphered. Sounds impossible, does it not? Well, not quite. A 
to Michelsen and B B Andersen from Denmark and Wolfgang 
ren Kirchner and Martin Lindauer from Germany have constructed 
for a mechanical “robot” bee that talks to the real bees through a 
ato computer, programmed by the scientists based on theirideaofthe 
ent bee dance language and, believe it or not, the bees understand! 
ni The robot bee was made of brass and was about the size of a real 
i bee (Figure 5). It was coated with a thin layer of wax and made to 
ni sit in the nest among the real bees for about 12 hours and thus 
a came to smell like the bees. It had wings made of razor blades 
ghi which when vibrated produced acoustic signals similar to those 
ng 
tht 
it 
ste 3 
ust r E 
ut 4 = 
eb x ž 
pit | ž 
s E 
jot |È Figure 5 Robot bee offer- 
is |3 ing food to a real bee. 
cif 
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produced by real dancing bees. Two rods attached to the robot bee 
helped control its movements through a computer program, Most 
importantly a plastic tube near the model’s head delivered, like 
the real bee, a drop of sugar solution from time to time. This Was 
essential to prevent the real bees from attacking the model! Now 
by making the robot bee perform a waggle dance with a particula 
orientation of the waggle run, Michelsen and Co. thought that 
they could make the bees go wherever they wished them to go and 
sure enough they were right! This gives us confidence that our 
understanding of the bee dance language is sufficient to make the 
bees understand the true meaning of a message. This should lay 
the controversy to rest and vindicate the Nobel Laureate’s theory 
but, knowing human nature, Wenner and Adrian are not going to 
be convinced. That won’t be so bad really because it will motivate 
someone to do an even more ingenious experiment— science, 
after all, thrives on controversy and a penchant for disbelieving 
others’ findings. 


Suggested Reading 

Kvon Frisch. Bees - Their Vision, Chemical Senses, and Language. Re vise d 
Edition. Cornell University Press, Ithaca and London. 1971. 

R Gadagkar and V R Gadagkar. The Amazing World of the Honeys Becs 5 | 
Vijnana Parichaya, 10(3): 4-8. 1988. x 

JL Gould and C G Gould. The Honey Bee. Scientific American Library, New | 
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B Holldobler and M Lindauer (Ed). Experimental Behavioral E 


Verlag, Stuttgart, New York. 1985. 
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Fermat’s Last Theorem 


A Theorem at Last! 


C S Yogananda 


After more than three centuries of effort by some of the best 
mathematicians, Gerhard Frey, J -P Serre, Ken Ribet and 
Andrew Wiles have finally succeeded in proving Fermat’s 
assertion that the equation X” + Y” = Z” has no solutions 
in non-zero integers if n > 3. Each of the four mathemati- 
cians made a decisive contribution with Wiles delivering 
the coup de grace. The proof, as it finally came to be, is in 
some sense a triumph for Fermat. 


When Pierre de Fermat died in 1665 he had not published asingle 
mathematical work (except for an anonymous appendix to a book 
written by a colleague). His mathematical discoveries were con- 
tained in his correspondence. with other mathematicians of his 
time, notably, Pascal, Frénicle de Bessy and Father Mersenne. He 
also left behind a few unpublished manuscripts and marginal 
notes in the books studied. We have to be grateful to his son 
Samuel for whatever we know of Fermat’s work. Samuel de 
Fermat went through his father’s papers and books in addition to 
soliciting letters written by his father from his correspondents in 
order to publish them. Among Fermat’s possessions was a copy of 
the Latin translation, by Bachet, of Diophantus’ Arithmetic in 
which Fermat had made a number of marginal notes. 


The first work Samuel chose to publish, in 1670, was anew edition 
of Bachet’s Diophantus with an appendix containing forty eight 
Marginal notes made by Fermat. The second of these notes 
appears alongside problem 8 in Book II of Arithmetic:“.. given a 
number which is square, write itasasum of two other squares”. Fermat’s 
note states, in Latin, that “on the other hand, it is impossible for a cube 
to be written as a sum of two cubes or a fourth power to be written as sum 
of two fourth powers or, in general, for any number which is a power 
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“On the other 
hand, it is impos- 
sible for a cube to 
be written as a 
sum of two cubes 
or a fourth power 
fo be written as 
sum of fwo fourth 
powers or, in 
general, for any 
number which is 
a power greater 
than the second 
fo be written as a 
sum of two like 
powers. | have a 
truly marvellous 
demonstration of 
this proposition 
which this margin 
ls too narrow to 
contain”. 
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greater than the second to be written as a sum of two like powers, y han 
a truly marvellous demonstration of this proposition which this margin 
is too narrow to contain”. Thus, it was in 1670 that the world learnt 
of what has come to be termed Fermat’s Last Theorem (FLT); The 
equation 


xy Zh 


has no solutions in non-zero integers ifm > 3. Fermat himselfhag 
given a proof of this assertion for n = 4 using infinite descent, 
method he invented, and Euler proved the case n = 3, Thus to 
prove FLT we need to show that X? + Y? = Z? has no solutions in 
non-zero integers whenever p is a prime greater than 3 (do you see 
why?). 


After more than three centuries of effort by some of the best 
mathematicians, Gerhard Frey, J -P Serre, Ken Ribet and Andrew 
Wiles have finally succeeded in proving Fermat’s assertion, each 
of them making a decisive contribution with Wiles delivering the 
coup de grace. The proof, as it finally came to be, is in some sense . 
a triumph for Fermat. Elliptic curves and infinite descent play 
significant roles and it was Fermat who pioneered the use of 
elliptic curves in solving diophantine equations and it is to him 
that we owe the method of infinite descent. 


Diophantine Equations 


The chief work of Diophantus of Alexandria (c. 250 A.D) know? 
to us is the Arithmetic, a treatise in thirteen books, or Elements; of 
which only the first six have survived. This work consists of abo" 
150 problems, each of which asks for the solution of a given sêt af 
algebraic equations in positive rational numbers, and 50 equa 
tions for which we seek integer (or rational) solutions are referred 
toas diophantine equations. The most familiar example we knot 


is X? + Y? = Z? whose solutions are Pythagorean triples; (3,4 7 
(5, 12, 13) are examples of such triples. If, instead, We E ; 
e 


solutions, in integers, of X? +Y? = 3Z? we get an examp 


SS 
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diophantine equation for which there are no solutions in non-zero 
integers. (To see this, ‘first observe that we may assume X, Y, Z to 
be pairwise relatively prime, by cancelling common factors, if 
any; and that any square when divided by 3 leaves remainder 0 or 
1.) In fact, it is an interesting exercise to characterize the set of 
natural numbers m for which the equation X? + Y? = mZ? has no 
solutions in non-zero integers. 


To understand the role of geometry in solving diophantine equa- 
tions let us consider the equation X? + y2 = Z? . How do we 
characterize all solutions (in integers) of this equation? We could 
assume again that X, Y, Z is a primitive solution, i.e., X, Y, Z are 
pairwise relatively prime. Dividing by Z? and putting X/Z = x 
and Y/Z =y we getx? +y? = 1, thatis to say, we get a rational point 
(a point both of whose coordinates are rational numbers), (x,y), on 
the unit circle centred at the origin. Conversely, a rational point 
on the circle x? + y? = | will give us a (primitive) Pythagorean 
triple. So, our problem reduces to finding all rational points on 
the unit circle. We do this by drawing a line with rational slope 
passing through the point (-1, 0). This line will meet the circle at 
one more point and we claim that this point is also rational. I shall 
leave it to you to figure out why it is so. (You need to use the fact 
that if one root of a quadratic equation with rational coefficients 
is rational then the other root is also rational.) This way we obtain 
all rational points on the circle. Putt = tan 0/2 in the familiar 
Parametrisation of the circle, (cos 9, sin @ ). Then we get the 
well-known characterisation of the Pythagorean triples: if m 
and n,m >n, are integers of opposite parity then the numbers 


m? —n*, 2mn, m? + n? 
forma primitive Pythagorean triple and every primitive Pythago- 


rean triple arises this way. 


This method can be used to find all rational points on a conic 
Section whose defining equation has rational coefficients once we 
are able to find one such point. 


History of FLT 


o 1640, Fermat himself 
proved the case n= 4 

o 1770, Euler proved the 
case n =3; (Gauss also 
gave a proof}. 

ə 1823, Sophie Germain 
proved the first case of FLT 
—first case of FLT holds 
ifthere is no solution for 
X? + Y? = Z? for which p 
does not divide the prod- 
uct XYZ — for a class of 
primes, Sophie Germain 
primes. primes p such that 
2p +1 is also a prime. 

e 1825, Dirichlet, Legendre 
proved FLT for n= 5. 

ə 1832, Dirichlet treated 
successfully the case n= 14. 
o 1839, Lamé proved the 
case n=7. 

e 1847, Kummer proved 
FLT in the case when the 
exponent is a regular 
prime. But it is not known 
even today whether there 
are infinitely many Sophie 
Germain primes or regu- 
lar primes. 

e 1983, Faltings gave a 
proofof Mordel's conjecture. 
o 1986, Frey - Ribet - Serre: 
Shimura - Taniyama - Weil 
Conjecture implies FLT. 
e 1994, Andrew Wiles: proof 
of S-T-W conjecture for 
Semistable elliptic curves. 
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What is e//iptic about 
elliptic curves? 


Ellipses are not elliptic 
curves! Elliptic curves are 
so called because it wasin 
connection with the prob- 
lem of computing arc 
lengths ofellipses that they 
were first studied system- 
atically. When we com- 
pute the arc ofa circle, 
we have to integrate the 
function /V¥(1-*), which 
we do in terms of the sin 
and cos functions. The 
frigonometricfunctions are 
therefore called circu/ar 
functions. Similarly, to com- 
pute the arc length of an 
ellipse we have to integrate 
functions of the form 


1/V [-2)(1- Re. 


This integral cannot be 
computed using circular 
functions and mathemati- 
cians worked on this prob- 
lem for many years before 
Abel and Jacobi, indepen- 
dently introduced elliptic 
functionsto compute such 
integrals. Just as sin and 
cos satisfy 2 + f = 1, the 
elliptic functions satisfy an 
equation of the form 
¥ = fh) where fø is a 
cubic. 


| 
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Elliptic Curves 
Consider the following classical problems. 


(i) Find all such that the sum of the squares of first n natura 
numbers is a square. That is, we have to find natural numbers; 


and m such that 


m2 = n(n+1)(2n+1)/6. 


(ii) (Diophantus) Find three rational right triangles of equal area, 


LetA denote the area of the right triangle with sides a (= p?-¢') 
b (= 2pq) and c (=p? + q”); thus A = pq (p? —q’). Then if we put 
x = p/q we get a rational point (p/q, 1/4?) on the curve 


Ay? =x? -x. 


Conversely, if (a/b, c/d) is a rational point on this curve then the 
right triangle with d (a? — b)/b*c and 2ad/bc as legs also has area 
equal to A. 


(iii) (From an Arab manuscript dated before the 9th century) 
Given a natural number n, find a rational number 4, such thal 
both u2 + n and u? -n are squares (of rational numbers). 


If such a u can be found then n is called a congruent number. Å 
number being congruent is equivalent to the existence ofa righ! 
triangle with rational sides and area n. 


u be such thi 


Suppose n is a congruent number and let J 
tio 


u? +n =a? and u?-n =b. Multiplying the two eq 
together we get 


ut- n? = (ab)?. 
Multiply by u? throughout to get 


us —n? u? = (abu)?. 
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Putting u? = x and abu =y we get a rational point on the curve, E, 
defined by the equation 


y? = x3 — nx, 


al F z ; F 7 
Exercise: Conversely, if (x, y) is a rational point on & such that x isa 


rational square and has even denominator then n (whose square 


appears as the coefficient of x) is a congruent number. | 


` 


In each of the above problems we were led to consider equations | 
4, of the form y? = f(x), where f(x) is a cubic polynomial in x with 
rational coefficients and distinct roots. Such equations define 
i elliptic curves. We could think of elliptic curves as the set of all 
ut rational / real / complex solutions of such equations. The set of all 
complex solutions of an elliptic curve can be identified with the 
points on atorus. The adjacent figures (Figure 1) show what the real 
and complex points on an elliptic curve look like. 


Figure] Typicalillustration 
he of how the real / complex 


points on an elliptic curve 
look like. 


el Finding rational points on an elliptic curve turns out to be a 
difficult problem and though many deep results have been proved 


3 currently a very active field of research involving many different 
areas of mathematics. Finding rational 
: points on an 
i If we try to imitate the method we used for a conic to get more elliptic curve turns 
‘i rational points from one such point we are stuck. This is because out to be a 
aline meets a cubic curve, generally, in three points and we cannot difficult problem 
conclude that the other points of intersection are rational. Thatis, and though many 
7 ifone root ofa cubic equation with rational coefficients is rational deep results have 
the other two roots could be irrational; they could be conjugate been proved (one 
on surds, for instance. What is true is that if you draw the line joining of them by 
two rational points then the third point where this line meets the Andrew Wiles 
cubic will also be a rational point. Thus, we can 'add' two rational along with John 
Points to get a third rational point. It turns out that we could take Coates), a lot 
the 'point at infinity' as the identity or the ‘zero’ element and remains to be 
obtain a structure ofa group (in fact, a commutative group) on the done in this area. 


19 


(one of them by Andrew Wiles along with John Coates), a lot 
remains to be done in this area. The study of elliptic curves is 
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The structure of 

a group on the 
set of rational 
points of an 
elliptic curve 
provides us with a 
powerful tool to 
study diophantine 
equations. 


set of rational points of an elliptic curve by declaring the 
sum of three collinear points to be zero; the inverse k 
'negative' of the point (x,y) is the point (x, ~y). Thus, to add ip 
points P and Q join them by a straight line, find the third Point 
ofintersection of the line with the curve and reflect it in the x-axis 
to get a point, R, on the curve which will then be the ‘sum’ of P 


and Q. 


Exercise: Consider the elliptic curve, E, defined by the equi 
y? = ax3 + bx? +cx +d. Obtain an expression for the coordinates, 
X53, of the sum of the two points P = (x,,y,) and Q = (x,y) on 
E, in terms of x,, Xy Yp Yr 
Hint: If P is not equal to Q, x, = -x,—x,—(b/a) + O, —y,)°/a(x,-x,? 
and ifP = Q, x, =-2x,—(b/a) + (f'(x,))”/ a(2y,)’ where fix) denotes 
the cubic. 

a __| 


The structure of a group on the set of rational points of an elliptt 
curve provides us with a powerful tool to study diophantine 
equations. For instance, in problem 2 above if we get one rationd 
point then we could 'double' (i.e. draw a tangent at that point)it 
to get one more point and then add these two to get yet another 
point, and so on. In fact, this is what Fermat used to get mor 
solutions to the problem (even Diophantus used this procedur 
but he gave only three rational points). In the congruent numbe! 
problem, it turns out that the double of any rational point wh 
is not of order 2 is such that the x-coordinate is a square numbe 
with even denominator. 

The method we used to show the non-existence of solutions : 
X? + Y? = 3Z? by showing that the equation has n0 solutio? 


i ist 
modulo 3 is a standard method we use in studying diophantis 
ger coefficients” 


he equat! 
equatio2 j 
r the set 

a 


equations. Assume that the equation has inte 
clearing the denominators, if necessary. We reduce t 
modulo a prime p by replacing the coefficients of the 
their remainders when divided by p and conside 


solutions of the reduced equation in the finite field {0, 1, 4% 
If, for example, we find a prime for which there are n° so 


Jutio” 


ich 


n Mem) “boc 


Pp =H O Wt WwW) 
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for the reduced equation it follows immediately that the original 
equation has no rational roots. 


Consider an elliptic curve E defined byy? = f(x). Except fora finite 
set of primes depending on the cubicf(x) the reduced equation will 
also define an elliptic curve. In fact, the exceptional set of primes is 
precisely the set of prime divisors of the discriminant of the cubic 
f(x). Fora prime? not dividing the discriminant let N, denote the 
number of points of E modulo p, i.e., the number of pairs (x, y), 
with x, y in {0,1,2,..., p-1} , satisfying the equation modulo p. 
Define integers a, by 


Ni =p haa, 


These a,’s could be positive or negative and Hasse proved the 
following inequality in 1930: 


|a,| < 2vp. 


These numbers a , contain a lot of information about the rational 
points of the elliptic curve and there are many conjectures con- 
cerning their properties among which the Birch — Swinnerton - 
Dyer conjecture and the Shimura — Taniyama — Weil conjecture 
are the most important. 


The content of the Shimura - Taniyama - Weil (S-T-W) conjec- 
ture is that these a i s are the Fourier coefficients of a cusp form (of 
weight 2 and a certain level N). The definition of cusp forms is 
beyond the scope of this article and we content ourselves by 
Saying that they are certain functions on the upper half-plane 
(please see Suggested Reading at the end). Elliptic curves for which 
thea » 8 Satisfy the S-T-W conjecture are called modular elliptic 
curves. 


Frey Elliptic Curve and Fermat’s Last Theorem 


The study of rational points on higher degree curves witnessed a 
breakthrough in 1983 when Gerd Faltings proved a conjecture of 
Mordell. As a corollary it followed that the curve X” + Y" = 1 has 
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The general 
feeling among 
mathematicians 
following 
Falting's proof of 
the Mordell 
conjecture was 
one of 
satisfaction 

since there was 
no reason or 
heuristic basis as 
to why FLT should 
be true; of most 
finitely many 
solutions was 
good enough. 
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Fermat’s favourite 


target for his 
problems and 
challenges were 
the English 
mathematicians; 
after all he was 
French! Thus it ts 
fitting that his 
most famous 
challenge has 
been answered 
by Wiles, an 
Englishman, 
though it took a 
while (A Wiles!) 
coming! 
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only finitely many rational points ifm > 5 which means that the 
: : Te 

would be at most finitely many solutions to the Fermat equatig 
n 


x" + y” = Z". 


The general feeling among mathematicians following this wa 
one of satisfaction since there was no reason or heuristic basis 
to why FLT should be true; at most finitely many solutions was good 
enough. 


But FLT bounced back soon after in 1985 when Gerhard Frey 
linked a counter example of FLT, if there is one, with an elliptic 
curve which did not seem to satisfy the S-T-W conjecture! Frey; 
was a simple but very ingenious idea: if, for some prime p >} 
there are non-zero integers u,v,w such that u? + v = w? then 
consider the elliptic curve, now referred to as the Frey curve, 


y? = x(x + uP )(x — u). 


Thus for the first time, FLT for any exponent was connected with 
acubic curve instead of the higher degree curve which the equation 
itself defines. 


Then things started happening fast and in the summer of 1986, 
building on the work of Frey and Serre, Ribet succeeded it 
proving that S-T-W implies FLT by showing that the Frey curve 
could not be modular. Now, FLT was not just a curiosity but wa 
related to a deep conjecture; if it were not true and we had! 
counter example, the Frey curve would be sticking out like a sot 
thumb! 


Soon after he heard of Ribet’s result, Andrew Wiles went t0 wor 
on the S-T-W conjecture in the late summer of 1986. Aft 
working hard on it for seven years, during which even his close 
friends did not get to know what he was up to, Wiles stunned 
mathematical world by claiming that he had proved the FLT 
proving a particular case of the S-T-W conjecture, the case ofset 
stable elliptic curves. He made the announcement at the end0 
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series of lectures at the Isaac Newton Institute in Cambridge, 
England on the morning of Wednesday, June 23, 1993. But 
experts checking his proof found many gaps of which he could 
overcome all but one. It is to the credit of Wiles that he did not let 
this setback deter him. Rather, encouraged and mathematically 
supported by his students and close friends, notably Henri Darmon, 
Fred Diamond and Richard Taylor, he circumvented the gap in 
September 1994. His paper, along with another one of his jointly 
with Richard Taylor, occupies one whole issue of the leading 
journal Annals of Mathematics, 142 (1995). It should be remarked 
that the theorem Wiles proves is a very significant result with far- 
reaching consequences and FLT follows as a simple corollary. 


Apparently, Fermat’s favourite target for his problems and chal- 
lenges were the English mathematicians; after all, he was French! 
Thus, it is fitting that his most famous challenge has been 
answered by Wiles, an Englishman (Figure 2), though it took a 
while (A Wiles!) coming! 


Suggested Reading 


Paulo Ribenboim. 13 Lectures on Fermat’s Last Theorem. Springer-Verlag. 
1979, 

H M Edwards. Fermat’s Last Theorem: A Genetic Introduction to Algebraic 
Number Theory. Springer-Verlag. 1977. 
The two books above contain historical accounts of the various attempts 
to prove FLT and developments stemming from these attempts, espe- 
cially the work of Kummer. 

J -P Serre. A Course in Arithmetic. Springer International Student Edition, 
1979. 
This extraordinary book covers in just hundred pages many important 
theorems in number theory (with proofs) and contains an introduction to 
modular forms. 

Neal Koblitz. Introduction to Elliptic Curves and Modular Forms. Springer- 

Verlag. 1984. 

This contains a beautiful introduction to elliptic curves and modular 

forms via the congruent number problem. 


Figure2 Andrew Wiles who 
delivered the final coup de 
grace ín the proof of FLT. 
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What’s New in Computers 


Windows 95 
eee eee EEE 


Vijnan Shastri 


Windows 95 offers several new features and is undoubtedly 
a landmark development in software technology. 


Evolution of Windows 95 


There has been a lot of discussion around the release of Window 
95 on 24 August 1995, amidst much hype and marketing glitz. The 


Vijnan Shastri 
works at the Centre for media is full of speculation on what it will mean for the softwar | 
ElectronicsiDesign industry and the end-users. In this article, we trace the evolution 
Rro fWindows95, look atits f dseewhatimplicationsi 
ai tei Science of Windows 95, lookatits features and see what implicationsithas 


and his areas of interest for the future. 


are digital and micropro- 
cessor pystems, Storage Around 1981, the PC with a 8088 CPU was introduced by IBN 
with the DOS operating system. The 8088 CPU was internally 
identical to the 8086 (i.e., it processed data 16 bits at a time), but : 
externally did the reads and writes to memory, 8 bits at a time.A 
short while later Apple released its ‘Macintosh’ line of PCs which 
had better hardware capabilities and had an operating systea 


which had a graphical user interface (GUI) plus many of tht 


subsystems and 
systems software. 


Apple's 
‘Macintosh’ line of 


PCs, released in 


features that Windows 95 has today. This GUI enabled users Í 
one 


the early 1980's, interact with the computer through graphical representati I 
had hardware objects rather than by typing cryptic, hard-to-remember CO# c 
capabilities and mands (as in DOS). This graphical user interface meant til d 
an operating Apple had to use a display monitor with a good resolutio® 0 
system with a together with relatively better performance hardware. The cruci 
graphical user difference was that IBM made public the details of the hardwat I 
interface plus architecture of its PC (referred to as ‘open architecture’) lea : 
many of the to extensive ‘cloning’ by other manufacturers (the clones mG 
features that referred to as IBM-compatibles) and consequently steep red š 
Windows 95 tion in prices. Apple, on the other hand kept the architec F 
has today. closed’. What proliferated among users in the years t© come Wa 
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the IBM compatibles with DOS and DOS- based applications. 
This proliferation of DOS-based machines laid the foundation 
for Microsoft. Microsoft began working on its GUI operating 
system and introduced Windows (1.0) in late 1985. However, the 
average PC hardware at that time, despite phenomenal increase 
in performance wasn’t still adequate for a hardware-resource- 
hungry Windows 1.0. Windows 1.0 never took off, but still 
Microsoft decided to pursue development of the Windows oper- 
ating system. 


Meanwhile, the evolution of the Intel processor was strongly 
influenced by the IBM-compatible DOS market and had to carry 
the ‘DOS baggage’ in every new processor (80386, 80486, Pentium 
and P6) that it has since introduced. Technically this meant that 


@ the processor be capable of operating simply as if it were a 
faster 8088 processor (called ‘real-mode’) where it processes 
data 16 bits at a time and can address only 1 Megabyte (MB) of 
memory. 


@ the processor could also operate in an advanced 32-bit mode 
(called ‘protected mode’) where it has many advanced features 
(including addressing 4 Gigabytes of memory) plus a feature 
by which it could run in the 8086 mode, being on protected 
mode (called ‘virtual 8086 mode’). 


It must be remembered that Intel always maintained backward 
compatibility in the instruction set and this meant that software 
developed for a lower-end processor (such as 8088) would also run 
on the advanced processors without any change. 


In 1990 Microsoft released Windows 3.0 which made use of some 
of the advanced features in the 80386 microprocessor. By this time 
the hardware (VGA- very high resolution graphics adapters for 
display, 4 MB of RAM memory, 80 MB of disk memory) had 
enough ‘punch’ to run Windows 3.0. Although DOS had a huge 
installation base on several million PCs, it was antiquated and was 
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One of the keys 
to the success of 
Windows 3.1 was 
that it ran on top 
of DOS and used 

DOS for 
operations like 
file access, 
loading files etc. 
Users could 
therefore avail of 
both the powerful 
easy-to-use 
applications on 
Windows and 

the trusted 
DOS-based 
applications 
which they used 
for several years. 


inadequate for the computing needs of the nineties. These reason 
made Windows 3.0 an instant success. With the Subsequen 
release of Windows 3.1, Microsoft established its dominance over 
the IBM compatible - GUI operating system market, beating of 
competition from IBM’s OS/2. One of the keys to the SUCCESS of 
Windows 3.1 was that it ran on top of DOS and used Dos fr 
operations like file access, loading files etc. Hence users on the One 
hand could avail of powerful easy-to-use applications on Win. 
dows but could also use trusted DOS-based applications which 
they used for several years. Thus the first major step in causing, 
transition from DOS to Windows was achieved. Windows 95, iş 
essentially the next step in that direction. But where does Mi. 
crosoft eventually want this to go? Microsoft eventually expects 
the transition to take place to its high-end, high-reliability fea. 
ture-rich operating system : the Windows NT. 


Important Features of Windows 95 
@ Improved GUI and general ease of use 


The user interface of Windows 95 is easier to use and more 
intuitive than ever before. The interface also makes it easy to sett? 
and configure various components of the computer such as tht 


printer, network interface and disc drives. 
@ Plug-and-play feature for hardware 


In the past, considerable amount of time has been wasted b) 
technicians and users trying to install different types of hardwat 
(such as disk drives, and sound boards) which resulted in all typ“ 
of hardware conflicts. A hardware conflict occurs when 2 cat 
(instead of one) get accessed for the same address OF when tm 
cards attempt to interrupt the CPU onasingleline (interrupt lin® 
cannot be shared). Resolving conflicts involves a painful proc 
of changing connection (called ‘jumpers’) on the card and fe 
ing. The idea of plug and play is to eliminate the need to ¢ 


A : ro 
any jumpers on the card and to achieve configuration th 
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software. Thus the user simply ‘plugs’ the card and ‘plays’ the 
software and the installation is done. In order to achieve this, a 
plug-and-play standard for hardware manufacturers has been 
defined and Windows 95 is the first operating system to support 
this standard. Even for hardware that does not support this 
standard, Windows 95 has a lot of built-in support for ‘nearly’ 
plug-and-play capabilities. 


@ Support for 32 bit applications (apps). 


Windows 3.1 ran applications that were 16 bit apps. This means 
that not only did they process data 16 bits at a time, but the 
movement of data from and to the processor was done 16 bits ata 
time. This was so even though the 80386, 486 and Pentium were 
32 bit processors. This meant that these apps were under-utilizing 
the capabilities of the CPU, and thus paid a performance penalty. 
Windows 95 offers full support for 32 bit applications through its 
Application Programmer’s Interface (API) thus leading to in- 
creased performance. At the same time Windows 95 is backward 
compatible which means it is capable of running the old 16 bit 
apps as well. 


@ Pre-emptive multitasking for 32 bit apps 


Multitasking refers to the fact that the user can run more than one 
task at the same time. For instance, the user could be editing his 
document using a word processor and in the background another 
task could be transferring a file over the network. Essentially the 
CPU and other resources are shared between many tasks, giving 
the illusion that many tasks are being done at the same time. Pre- 
€mptive means that a task can be interrupted (due to the occur- 
rence of an event such as a mouse click or the time being a certain 
value- like an alarm clock) and another task run. Windows 3.1 also 
Supported multitasking but this was cooperative in nature. This 
Meant that once a task had begun to run it was up to the task to say 
to the operating system: “for the moment I don’t need the CPU 
and other computer resources”. The operating system would then 
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In Windows 95 
filenames can be 
up to 256 
characters in 
length. It is 
therefore possible 
for a file to be 
named ‘my 
physics lab work 
on October 25th 
1995’. In DOS one 
would perhaps 
have named the 
file something 
like 
‘PHLOCT25.195’. 
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decide to allot these resources to some other task, Pre-em 
ae 5 i 
multitasking improves performance considerably. Pt 


@ Support for long filenames 


In DOS, filenames cannot be more than 11 characters long ani 
this created problems in documenting files. In Windows y 
filenames can be up to 256 characters in length. So for example i 
Windows 95, it is possible for a file to be named “my physics l 
work on October 25th 1995’. In DOS one would perhaps hay, 
named the file something like ‘PHLOCT25.195”’. 


@ Extensive built-in support for networking 


The earlier systems made it necessary to put together a lay 
number of software programs in order to gain complete accessi 
all the networks connected to the PC. Windows 95 integratesd 
these functions and makes network connectivity extremely ea 
to achieve. In addition, it is possible to do peer-to-peer network 
ing with Windows 95. This means that PCs connected in a loc 
area network can share disk drives and files. i.e., a PC’s hard dit 
can be viewed as a hard disk of another PC connected to the sat 
network. Software to browse through the Internet (called a We 
Browser’) is also integrated. In addition to network connectivil 
support for fax, electronic mail and mobile computing is built’ 


@ Better support for multimedia 


Multimedia refers to the fact that digital data can now be pt 
sented in more than one medium: moving pictures (video) ® 
sound. This essentially means that one can now view video? 

together with sound on a PC and also control the play? 

However the problem with multimedia applications is chat 
are resource hungry in terms of storage space require”. 
computational power required and data transfer speeds: 
entails use of special purpose hardware (to improve qu i 
video or 3-dimensional animation, for instance): window 
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allows applications to easily access these special purpose hard- 


There are many 


ware. who feel that the 
integration of 
To summarize, Windows 95 offers a lot of new features and many of the 
performance benefits. In order to get these performance benefits programs (which 
one must have the adequate hardware too: A 486 running at were earlier 
66MHz with 16 MB RAM anda VGA display. However there are regarded as 
many who feel that the integration of many of the programs applications) into 
(which were earlier regarded as applications) into Windows 95, Windows 95, will 
will further reduce competition for Microsoft in the applications further reduce 
market and this will lead to a total dominance of the desktop competition for 
market by Microsoft, thus leading to their monopoly of this Microsoft in the 
market. In addition, claims made by Microsoft, that it is a pure 32 applications 
bit operating system and its dependence on DOS is minimal have market and lead 
been questioned by experts. Nevertheless, Windows 95 is un- to its total 
doubtedly a landmark development in software technology and dominance of the 
will certainly spur growth in areas such as multimedia, network- desktop market. 


ing and plug-and-play technologies. 


His father wanted him to be a bricklayer ... In Brunswick, Germany, 
in 1780, a stonemason was calculating the wages due his workmen at the 
end of the week. Watching was his three-year-old son. “Father,” said the 
child, “the reckoning is wrong.” The boy gave a different total which, to 


everyone’s surprise, was correct. No one had taught the lad any arith- 


metic. The father had hoped his son would become a bricklayer, but 
thanks to his mother’s encouragement, the boy, Carl Friedrich Gauss (1777 


- 1855), became one of the greatest mathematicians in history. 


The tireless mathematician ... Leonhard Euler (1707 - 1783) authored 
734 memoirs. And he did all this under a severe handicap, for he lost the 
sight of one eye in 1735, and the sight of the other in 1766. His skill in 
manipulation was remarkable, and his intuitive grasp of mathematics 


enormous. 
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Nature Watch 


The Kokum Tree 
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M D Subash Chandran 


The evergreen kokum tree found along the west Coast o 
India is known not only for its beauty but also for its use Fi 


M D Subash Chandran 


combines teaching botany x 2 
to under-graduate students acondiment. Its economic and ecological potential make; 
and active research on ideally suited to the restoration of natural forests, 


forest history, coastal 
management, natural 
regeneration of forests and 
impact of forest-based 
industries on evergreen 
forests of Western Ghats. 


A beautiful evergreen tree mainly found along the west coastofth 
Konkan, Goa, Karnataka and North Malabar, the scientific naw 
of kokum is Garcinia indica Chois. Known as brindon, to th 
Portuguese in Goa, bhirand or amsol in Marathi and Konkaj 
murgal in Kannada and punampuli in Malayalam, the scientifi 
name Garcinia is derived from Garcias who described it in 151 
It occurs from the sea level plains upto an elevation of about% 
m along the westward slopes of the Western Ghats. Kokumisak 
acultivated tree; unfortunately, its propagation is being neglect 
these days. The famous Cooke’s Flora of the Bombay Presiden 
publishedin 1901, mentions that 13,000 trees were estimated tot 
cultivated in Ratnagiri district. | 


The genus Garcinia with about 435 species, chiefly confined rob 
humid tropical forests of Asia, Africa and Polynesia, belongs? 
Clusiaceas (Guttiferae), a family of latex bearing evergreen E | 
and shrubs. Yellowish latex is a notable feature ofall the Garcin 

The mangosteen, from Garcinia mangastana is one of the pop% 


fruits from the tropics of the Far East. 


The kokum tree reaches a height of about 10 to 15 meters. Its w 
green foliage, drooping branches and pyramidal shape make i 
slender tree look very graceful in a forest or garden (Figur? : a 
simple and opposite leaves, about 10 cm X 5 cm, glabrous i 4 
and paler beneath, are red when young and dark green 
mature. The tree comes to bloom from November to Februt” 


CC-O. In Public Domain. Gurukul Kangri Collection, Haridwar RESONA 


entik 
1514 
ut 8b) 
isali 
zleci 
siden 
od tot 


dto 


ongi 
an tË 


Digitized by Arya Sa EURE PACER eGangotri 


the fruits ripen in April-May. The flowers are small and uni- 
sexual; the male and female flowers are found on the same tree. 
The calyx is of four free sepals and corolla of four free petals. The 
male flowers have 10 to 20 stamens. The female flowers have ovary 
of 4 to 8 chambers which is topped with a lobed and sessile stigma 
(Figure 2). 


The tree in fruit is an attractive sight. The berries, usually deep 
purple to pink, occasionally whitish, are the size of a lemon. The 
fleshy rind of the fruit is juicy and acidic. Five to eight large seeds 
are embedded in a soft and sweet pulp. 


There is not much information on the pollination of the kokum 
tree. However Clusiaceae family is known for bee pollination. In 
the Western Ghat forests, the butterfly Papilo polymnestor also 
visits the flowers of Garcinia spp. Bonnet monkeys, langurs, 
squirrels and fruit bats feed on the fruits of kokum. The monkeys 
also feed on the tender shoots. It is likely that frugivorous birds 
also eat the fruits. 


RESONANCE | January 1996 in pupi 


Figure 2 (a) female 
flower, (b) gynoecium 
fc) cross section of ovary 
and (d) male flower with 
androecium exposed. 
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Uses of the Kokum Tree 


The kokum tree is known for its various uses. The fleshy rind o 
the ripe fruits, which has a sweet and acidic taste, is sun-dried a 2 
used as a condiment like tamarind (Figure 3). For the tradition] 
fish curry from the Konkan coast and Goa the kokum fruit ring 
Figure 3 Garcinia berries. «sual ingredient. The dried rind, strained in water, is boile 
into a soup called Solkadi (Figure 4). Spiced and sweetened with 
jaggery it is a must for marriage feasts and other functions in 
Uttara Kannada district of Karnataka. It is considered to b 
digestive. Wine red syrup extracted from the rind of the ripe fruit 
with the help of sugar, is stored in the household of the region for 
making cool drinks in summer. Various therapeutic effects are 
Figure 4 Kokum juice - also attributed to it. The sweet pulpy cover of the seeds is eaten 
refreshing and medicinal made into curries. The fruit rind is also pickled (Figure 5). . 


Notable among the chemical components of the dried rindi 

malic acid (about 10%). Tartaric acid is also present in it. About 
44% by weight of the kokum seed kernel isan edible fat. Thesut i 
; i dried seeds are crushed and subjected to boiling. The oil which 
W oo collects on the surface, on cooling, solidifies into a cake which his 
Figure 5 The dried rind of a pale yellowish colour and bland taste. It melts at 36.5°C. Know! 
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1 
Garcinia fruits. as kokum butter this fat is used as a specific remedy for diarrhoea k 
ed F 
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and dysentery. About 10 gm of the kokum butter is administ 
along with milk three times a day until complete recovery: Iti 
The sides of the also used for cooking purposes, more so when one is suffe 
newly-laid from stomach disorders. The fat is an important tradition 
Konkan Railway emollientused for applying on dry, chapped or cracked skin off! 
tract, which and soles and lips and for various other skin ailments: It is nef 
passes through being used in cosmetics and medicines. Known as Vrikshamla h 


a 
coastal hilis and Ayurveda, various parts of the tree like root, bark, fruit and me 
disordes: f 


3 
| 
“il 
| 


valleys, would oil are used for treating piles, sprue and abdominal 
provide a promis- 
ing habitat for Conditions for Growth 
raising thousands 
of kokum trees. Kokum prefers to grow in well drained lateritic soi 


Js. It is joo! 
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naturally in the fire protected secondary forests of the Western 
Ghats and the west coast. It prefers partial shade rather than the 
open area or the deep shade of evergreen forests. The seed, like 
that of most rain-forest species, has poor dormancy and germi- 
nates at the beginning of the rainy season. In the unprotected 
state, the saplings could succumb to cattle grazing, trampling and 
ground fires. The tree is not usually grown as coppice. 


Ecological potential 


The favoured habitats for the kokum tree are the secondary forests 
close to human habitation. Unfortunately, these are under great 
pressure. Kokum therefore requires greater attention from con- 
servationists. In the silviculture of Indian forests the kokum tree 
appears to be almost ignored since it has no timber value. Of late, 
however, saplings in large numbers are being raised in the forest 
nurseries of coastal Uttara Kannada. This very useful and beauti- 
ful tree is ideal for planting in parks and gardens, roadsides, and 
in the compounds of houses and educational institutions. As the 
plant is associated with the vegetation of the ravines it should be 
tried also for stabilishing gullies and ravines of the west coast. 
There is enormous potential for raising beautiful avenues of 
kokum trees alongside roads. The sides of the newly-laid Konkan 
Railway tract, which for most ofits 750 km length passes through 
coastal hills and valleys, would provide a promising habitat for 
raising thousands of kokum trees. The tree, small in stature, 
would not pose any problem to the road and rail traffic while 
Providing ecosystem and economical services of great value. 
Moreover since the diameter of the canopy is only about 3 to 6 m, 
it can be grown safely in home gardens even in crowded urban 
areas. This tree is endemic to the Western Ghats and has great 
ecological and economic potential. It should therefore be pre- 
ferred to the several exotics that are being planted widely these 
days. In the effort to restore natural forests of the Western Ghats, 


thekokum tree should be accorded the importance that itso richly 
deserves, 
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Molecule of the Month 


Cyclobutadiene in a Molecular Prison! 
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Figure 1 Cyclobutadiene 

` (i), compound 2 and Fe(CO), 
complex of cyclobutadiene 
(3). 


Figure 2 Molecule P im- 


prisoned Inside 4. 
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Uday Maitra 


A novel way to isolate the highly reactive cyclobutadien, 
molecule is by trapping it inside a much larger molecule 


Cyclobutadiene (1) has been one of the most popular molecules fy 
experimentalists and theoreticians. This molecule is unstable, 
itis antiaromatic (4x electrons ina cyclic array). Even though som 
highly substituted cyclobutadienes, for example, compound) 
and the Fe(CO), complex of cyclobutadiene (3) are known, a 
attempts to isolate 1 under normal laboratory conditions hay 
failed, since it reacts with itself, or with other molecules rapidly 


The most logical way to reduce the reactivity of a molecule ofl 
would be to put a single molecule of 1 in an unreactive “cag. 
Chemistry Nobel winner Donald J. Cram (1987) has shown thi 
it is indeed possible (Angew. Chem. Int. Ed. Engl., 30, 1028. 1991} 
Cram and co-workers synthesized a variety of spheroidal mole 
lar prisons (carcerands) by linking two ‘hemispheres’ with three 
Tk 


molecular prison with three linkages is more like a prison withlt 


four connecting units (see Figure 2 below for carcerand 4). 


PRISON 
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small door as shown. A molecule (whose size is similar to the space 
available inside the carcerand) can be made to go inside through 
the door under certain conditions. Once it is inside, you really 
have a single molecule floating around in the empty space (a 
fourth phase of matter?) created within a much larger molecule. 
One can then easily carry out unimolecular reactions on the 


molecule. 


In order to ‘imprison’ cyclobutadiene, Cram and co-workers put 
a molecule of 5 inside carcerand (4). Photolysis of the complex of 
4:5 first produces a new complex, 4:6, which then loses CO, (too 
small to be trapped, it comes out rapidly through the door) and 
produces 4:1, which is our cyclobutadiene trapped inside 4! 
Spectroscopic studies on the complex 4:1 leaves no doubt that it 
is indeed 4 with cyclobutadiene inside. Prolonged photolysis of 
4:1 was shown to produce acetylene. On the other hand, heating 
complex 4:1 with THF (tetrahydrofuran) resulted in an exchange 
of 1 with THF, and as soon as 1 came out ofthe prison, it dimerized 
to form 7, which eventually produced cyclooctatetraene (8), as it 
does in a thermal reaction. 


This example, therefore, gives us hope that many compounds 
which are thermodynamically unstable, can be isolated by mak- 
ing them kinetically inert by preventing their access to their 
decomposition pathways. 


reactions inside 4 
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Figure 3 Reactions inside 


This example 
gives us hope that 
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and outside carcerand (4). 
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Classroom 


In this section of Resonance, we invite readers to pose questions likely to be raised jy 
a classroom situation. We may suggest strategies for dealing with them, or inviy 
responses, or both. “Classroom” is equally a forum for raising broader issues ani 
sharing personal experiences and viewpoints on matters related to teaching ani 


learning science. 


? In introducing the Bohr theory of the hydrogen atom, on 
makes a postulate that electrons in certain special orbis : 
around the centre do not radiate. How does one reconcile ths 


with what students have already learnt about radiation? i 


From G Venkatesh, Hindustan ®? As an example of special relativity in action, one quotes — 
Academy of Engineering and case of the muon, with a half-life of less than ten nanosecons 
mpplied science, Pongaiore: (1 nanosecond = 10°’ sec). Travelling at almost the speed 
light, it should only be able to cover a few metres in this time 
But cosmic ray physicists are able to detect muons which hav 
travelled several kilometres, from the top of the atmosphereb: 
this an example of length contraction or time dilation? 


? How does one find out the molecular/empirical formulati ' 
an organic compound? E 


i Tl! 
From Uday Maitra, Department We are taught even at the high school level the significan® 


f i i an p fot 
of Organic Chemistry, Indianin- molecular and empirical formulae of molecules. It is ie ] 
stitute of Science, Bangalore. important to know how the relative compositions of car A 
hydrogen and nitrogen (the three most common elements I 
pray ( 


organic compound, besides oxygen) are experimentally o 


A 


; of 
Interestingly, the analysis is usually done by burning the ° 


9 
vary 
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pound, after carefully purifying it! If you burn any organic 
“compound in excess oxygen, the carbon and hydrogen contents 

get converted to CO, and H,O, respectively. Ifthe amounts of CO, 

and H,O obtained from a given weight of the compound can be 

estimated (by absorbing these two gases in appropriate 

absorbents), then %C and %H can be easily calculated. The 

estimation of nitrogen is more involved, and there are classical 
ed in methods like Kjeldahl’s method! for determining organic nitro- ‘Use of Kjeldahl’s method is a 
nvite gen. Before the advent of automated analyzers, these methods standard experiment in the 
ani were followed extensively for the determination of elemental °° Preston 


= versities. 
anl compositions. 


In modern C/H/N analyzers, the entire operation is automated, 
and C, H and N percentages can be determined in as little as 10 


, one A 

orbit minutes! The principle here is basically the same, except for N 
e thi analysis. A known weight of the sample (which may even be one 
A milligram!)is burnt in an excess of oxygen (at about 1000°C) in the 


presence of oxidizing agents and catalysts. Carbon, hydrogen and 
nitrogen in the organic compound produce CO,, H,O, and a 
est! mixture of nitrogen oxides, respectively. This mixture is then 
cont passed over heated (650°C) copper metal, thereby reducing the 
edo nitrogen oxides to elemental nitrogen. The mixture of CO,, H,O 
time and N, is then passed through a 'Gas Chromatograph’,? which the details of a ‘Gas Chro- 
ha separates and detects the three gases passing through a thermal matograph’ will be discussed 
erel” conductivity detector. The output from the GC shows three peaks. MUERO 
In order to properly calibrate them, a known weight of a known 
—— Compound (such as 2,4- dinitrophenylhydrazine) is also analyzed 
vlad under identical conditions. Therefore, the GC signals coming ; 
fromthe known compound can beutilized for calibrating the peak 
areas. Thus the areas under the peaks for the unknown sample can 
noel be attributed to certain quantities of the three gases. 


I : : Reh 
arb ” Practice, this whole operation is automated, and a computer 
sia! Processes all these data. It may be interesting to know thatin many 
machi s i 
chines twenty different samples can be analyzed automati- 


ai a : 
ae one after the other! Of course, this convenience does not | 
0 

, of “me cheap. Modern C/H/N analyzers can cost as muchas Rs. | 
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10 lakhs, and require special chemicals and accessories fop the 

: : : eit 
routine operation. Despite the cost, however, these Machines 

s : z are 

extremely useful for routine analysis of new organic compounds 


Itis appropriate to mention here that a mass spectrometer can also 
give you the molecular weight, and in some cases (under high 
resolution) the molecular formula as well. However, it does ny 
give any idea about the purity ofa sample. On the other hand, th 
correct composition of a compound of known molecular formul 
can always be used as a criterion of sample purity. 
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? Given a choice of career, what would you like to be? 
A contribution from Milind 
Watve of MESociety,Abasaheb For the last fifteen years, since I became a teacher, I have bea’ 
Garware College, Pune. The conducting personal interviews of all final year students and thi 
original manuscript was titled Se š : i; 
7 : x isinvariably one of the questions. Altogether my sample size mus 
On Being a Teacher". . f 
be 900 or so. Only one out of the 900 student said : “A teacher 
maybe ata primary school, but won’t mind a high-school or even 


college”. 


a 


That reminds me. One of my professors had asked me almost the 
same question. “What do you plan after your Ph.D?” 


This, I think was just casual and personal. Unlike me he didnt, 
seem to be surveying. 


w S oS 


“Back to teaching”. ; 
“Really ?” ] 


The “really” had all the shades of disbelief, amusement E j 
exclamation, “After doing a Ph.D in IISc, people talk of 8 
abroad, my son!” I 
“Well, I would go back to teaching, no doubt, but I might |” 


from undergraduate teaching .....” mS 


D eee eee ee 
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het «Oh, to the university ! That will be good”. 


S ate 

Nd, «No, I mean, given a decent chance, I might shift to school 
teaching.” 

Lals 


high J certainly find teaching a very exciting, interesting and challeng- 
sto = ing job. But I think I belong to a rare species. Few people take to 
the teaching by choice. Those who do, are discouraged by a large 
mu number of environmental factors acting against them. Teachers 

who love teaching even after 8-10 years on the job are likely to do 
so all their lives. And they constitute the really endangered 


species. 


I often wonder why it is so, when there are several obvious 


d this advantages of being a teacher, particularly a science teacher in a Teac is 


my llege. For one, science teaching involves a constant interaction oss bes 
h and what can be more absorbing than that? Teaching at the ovon otong 
cher, y i : : i years on the job | 
undergraduate level is an enjoyable exercise, and teaching at high | 
reven i : are likely to do so 
school is even more so. Younger students are more open minded 3 | 
; ; : all their lives. 
and, given a chance, interact so well with the teacher that the 
; And they consti- 
stth teacher emerges a hundred fold more enlightened. I have a few 
; i 3 tute the really 
research papers to my credit and the central ideas in a couple of 
5 ; endangered 
them have flashed to me in the classroom. Apart from obvious = 
species. 


intellectual advantages, being in the company of young minds 
‘ also keeps you fresh and young. And most ofall, you get plenty of 
free time. For those who decide not to work, there is practically no 
work; for those who wish to work there is no upper limit. By the 
way, I have enjoyed both the extremes! 


Butnone of these benefits seem to attract talented youth. After the 
nd? i : rel in science, the most successful take professional courses. 
goi Lek at comes to B.Sc., after which a talented group opts for 

Sement and other professional courses open to them. The 

Next choice is a Masters degree course. After the Masters degree 

sh eee but willing fraction gets an opportunity in industries. 
{ Ose who can manage GRE go abroad and those who survive 
CSIR tests take to research in India. This leaves us with the last 
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fragment who come to teaching by default. 


Who is to be blamed for this state of affairs? Most probably the 
teachers themselves. The profession to which the student com. 
munity has maximum exposure is teaching. And teachers have 
failed to make a good impact. The major attractions of ay 
profession are prestige and money. There is little prestige in 
teaching but the money is not too bad. Indeed, compared to the 
work input required the money is very good. But day by day 
other jobs and business opportunities have started paying bette, 
and therefore have become more attractive. 


One would certainly find a number of candidates for whom th 

intellectual challenge is a sufficient motive. Unfortunately thy, 
group finds much stagnation in this career. Teaching is largely 
ritualized and both students as well as college or universiy 


PROFESSIONAL “>) 


COURSES 3 HONE 


B.Se./ Bl 
BA... 


P STUDIES 
ABROAD 


JEACHING PROFESSION 


Wonder what 
fertilizer CN 
help the 
teach 
Profession? 
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managements expect a teacher to become just another participant 
in the ritual. Whether or nota teacher maintains a roll callis taken 
to be more important than whether or not a teacher actually 
teaches. New ideas, different attitudes or unconventional teach- 
ing methods are seldom tolerated. This is most disheartening to 
anyone who comes in with enthusiasm, claims originality and 
attempts innovation. 


As a result we have entered a vicious cycle. Since teachers have 
failed to make a good impression about their profession, talented 
youngsters are not drawn to it. This leaves the teaching commu- 
nity impoverished. From what I can recall when I was a student, 
the picture was no better. We only had a couple of good teachers; 
(incidentally one of them took early retirement and the other bid 
goodbye to teaching). There were many good personalities, no 
doubt. But being a good teacher is probably more difficult. I 
won’t attempt a formal definition of a good teacher. As a student, 
I had a very simple measure. One who would keep the attention 
and interest of a student, no matter how bad, was a good teacher. 


We need to take a radical new look at teaching itself and science 
teaching in particular. This is not possible until we have a 
substantial number of innovative minds in the teaching commu- 
nity and they are encouraged. We certainly need to attract talented 
young graduates to the teaching profession as an indispensable 
part of any educational policy. But the present picture is grim. A 
brief look at the interviews of students in the merit list of the 
SSLC's every year makes it evident. They want to be anything and 
everything but teachers. 


But I haven’t lost hope. When I asked the only student who 
wanted to be a teacher why she was inclined to being one, pat came 
the answer: “I have seen very few good teachers (does that include 


me? I dare not ask), and that makes me think it must be 
challenging!” 


And that is the only ray of hope. 
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We need to take 
a radical new 
look at teaching 
itself and science 
teaching in 
particular. This is 
not possible until 
we have a 
substantial 
number of 
innovative minds 
in the teaching 
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they are 
encouraged. 
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This section of Resonance is meant to raise thought-provoking, interesting, or jun 
plain brain-teasing questions every month, and discuss answers a few months late, 
Readers are welcome to send in suggestions for such questions, solutions to question 
already posed, comments on the solutions discussed in the journal, etc. to Resonance 
Indian Academy of Sciences, Bangalore 560 080, with “Think It Over” written on th 
cover or card to help us sort the correspondence. Due to limitations of space, it mayny x 
be possible to use all the material received. However, the coordinators of this section. p 
(currently A Sitaram and R Nityananda) will try and select items which best illustrat a 


various ideas and concepts, for inclusion in this section. 


3 
1 The Population Explosion ? 
Each one ofus has two parents. Each one of them has two parent ( 
Going back ten generations, we seem to acquire a respectably lar 
number of ancestors, 2!° = 1024. But go back forty generations 
only alittle more than a thousand years ago and hence well witht 
historical times, and we calculate 2 which is approximately Ith 
This number is comfortably more than the current population! 
“Is the real the globe! One immediate reaction is that all these people dido 
population live at the same time. But one only needs to g0 back a fí 
explosion more generations to make the number large enough. Ano" 
developing in the reaction one hears is that these people did not have only % 
past?”. We all descendant, but many. While that is true, one can se€ chat 
know that the counting the ancestors of just one person, one has if any” 
answer is no, so underestimated the population at earlier times. The quest 7 
what is wrong therefore is, “Is the real population explosion developing ™ g 
with the past?” We all know that the answer is “no”, so what is wrong 
reasoning? the reasoning? 
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2 a Question of Weight. 


A large closed box contains air at room temperature and atmo- 
spheric pressure, and a bird. The whole box hangs from a spring 
balance. How is the measured weight of the box affected if the bird 


@ just sits at the bottom of the box? 


@ flies? 

ə stops flying and starts falling downwards? 
falls at the terminal velocity? 

o hits the bottom of the box? 


What is the effect of (a) having the box open on the sides, with the 
roof supported by narrow pillars? (b) replacing the bird by a fish 
and air by water? 


3 All About Amino Acids 


Test your knowledge of amino acids which occur in proteins 
(‘coded amino acids’). Answers can be deduced from the accom- 
panying poster. 


1 How many of the amino acids are chiral? 

2 Allchiral amino acids have the L configuration; however, in 
the R/S nomenclature only one has the R configuration. 
Which one, and why? 


3 Which amino acids have more than one asymmetric centre? 

4 Whatare the two common letter-code systems used to repre- 
Sent amino acid residues? 

5 Whatis the ionization form of an amino acid at neutral pH? 

6 How many amino acids have aliphatic (hydrocarbon) 
Sidechains? 

: Which amino acids have basic sidechains? 


Which amino acid sidechains contain a carboxylic acid 
group? 


From J Chandrasekhar and 
Uday Maitra 
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Which amino acids have a hydroxyl group in the gj dech 
Which amino acids contain sulphur in the sidechain? 
Which is the only imino acid which occurs in proteins) 
Aromatic groups an be detected by UV absorption, HA 
many amino acids can be detected by UV? 
How many amino acids have ionizable sidechains? 
Which basic sidechain exists predominantly jy th 
unprotonated form at neutral pH? 
Some amino acids occur both in the acid (COOH) and ¢, 
amide (CONH,) forms? What are they? 
Hydrophobic amino acids are usually found in the interiori 
aprotein. Which amino acids are hydrophobic (Hint: lookf 
non-polar sidechains)? 
Which amino acid sidechains are hydrophilic? 
Disulphide bonds in proteins cross-link two segments. Whit 


ain} 


amino acid is responsible for this? 

Normally an amide (RCO-NHR’) group adopts a trans ot 
formation. There is one amino acid which can lead to bot 
trans and cis peptide bonds (this leads to bends in the peptic 
chain). Which one? 


20 Which is the most abundant amino acid in E. coli protein 
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Ring of Three Gallium 
Atoms Displays Aromatic 


» Character 


Another Feather in 


Hickel’s Cap 
anaa i 


Photon Rao 


The simple Hückel rule, which states that 
conjugated cyclic systems having 4n + 2 x 
electrons (n being an integer) are aromatic, is 
one of those rules which have really stood the 
test of time. Many familiar organic molecules 
and ions can be cited to illustrate the rule. For 
example, the most elementary aromatic sys- 
temisa2z electron system (n = 0) and its 
carbocyclic analogue is the triphenylcyclo- 
propenium cation. Is there an inorganic spe- 
cies which shows similar aromaticity? 


Recently, X -W Li, W T Pennington and 
GH Robinson at Clemson University, USA, 
have prepared, for the first time, a three mem- 
bered metallic ring that is isoelectronic with 
the above mentioned cation (J. Am. Chem. 
Soc., 117, 7578, 1 995). The ring consists of 
three gallium atoms, each substituted with 
2,6-dimesitylphenyl group (Figure 1). Attach- 
ment of such bulky groups close to a reactive 
Site is an old ploy used by chemists to tame 
Molecules which are kinetically unstable.' 


sf ete sa a 
4] n 
i gical unstable species are not necessarily 
9h energy species. It just means that the acti- 


Vati i A 
on barriers for their decomposition pathways 
are low. 


R 
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Figure 1 The three membered metallic ring 
prepared at Clemson University, USA. 


The actual synthesis involves the 
cyclotrimerisation of 2,6-dimesitylphenyl- 
gallium dichloride using sodium. Even after 
coupling, two sodium atoms are perfectly cen- 
tered above and below the Ga, ring. The struc- 
ture can be represented as a dianion ring, with 
Na* counter-ions. The trivalent gallium at- 
oms are sp” hybridised and the ring consists of 
2m electrons. The ring is therefore expected to 
be aromatic. Consistent with this electronic 
structure, the Ga-Ga bond length of this mol- 
ecule (2.44 A) is among the shortest known 
(for example, the Ga-Ga bond length in 


Ga,[C(SiMe,),], is 2.69 A). 


nee 
Photon Rao is an Integrated Ph.D. student in the De- 


partment of Organic Chemistry at the Indian Institute 
of Science, Bangalore 560 012. His major interest is in 
doing chemistry with big molecules. 
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Clash of the Titans 


What Happens When the 
DNA and RNA Polymerases 
Collide 


Sanjeev Galande 


Soon after the discovery of the structure of 
DNA, it was suggested that the flow of genetic 
information is unidirectional and that DNA 
serves as a template for making RNA mol- 
ecules, which are subsequently used as tem- 
plates for assembling proteins. This pathway 
for the flow of genetic information was re- 
ferred to as the 'central dogma’ of molecular 
biology. Barring a few exceptions where this 
flow of information is reversed, the central 
dogma has retained its validity. Its most im- 
portant feature is that each of these molecules 
requires a template for its synthesis. Thus, 
DNA acts as its own template and therefore 
self replicates, and all RNA molecules are 
synthesized on DNA templates. Both these 
take of base 
complementarity; a feature that is central to 
the structure of DNA and RNA. All proteins 
are determined by RNA templates by employ- 
ing a universal code called the genetic code. 
For survival of a species it is essential that the 


processes advantage 


genetic information is utilised in an accurate 
manner and therefore nature has evolved dis- 
tinct machineries for the faithful copying of 
all these templates into their corresponding 
products. 


The process of copying DNA is called DNA 
replication, and is carried out by an enzyme 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


— 


called DNA polymerase. The process ofco 
ing DNA into RNA is referred to aş eh, y 
tion, and is mediated by a multisubunit, 
zyme called RNA polymerase. The DN v 
RNA polymerases together with a battery ' 
accessory proteins, constitute the respecti, 
copying machinery. The fact that both È 
replication and transcription machine 
utilise the same DNA template poses Sot 
mechanistic problems for the cell. 


During the process of replication and try 
scription, the polymerases bind to DNA w 
start assembling the appropriate buildi 
blocks while sliding across the template mi 
ecule. The diameter of the polymerase ë 
zymes and their accessory proteins is sever 
times larger than that of double-strand 
DNA. Since the process of synthesis of m 


RNA or DNA molecules involves tracking! A 
such gigantic molecular complexes (‘titans 

the management of their intracellular mË st 
is an important issue for the cell. During 4 
sliding act both the polymerases may usb Ca 
same DNA single strand as a template, ah W 
cess referred to as co-directional replicati à 
and transcription, or, they may use alters” a 
strands and move in opposite direction j 
Escherichia coli for example, the rate ofre °! 
tion is known to be 10-15 times faster this 7 


. . i ve! 

rate of transcription. Thus, irrespecti a 
iD 

whether the two polymerases move A 


z a s sjon 
same or opposite directions, collisi a 


tween them are inevitable. 


am at! 
Bruce Alberts and his research te 
University of California, Berkeley 


hav’ 


an, 
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Newly synthesized 
RNA =. 


RNA polymerase 


RNA polymerase is 
knocked off 


v 


RNA-DNA hybrid is maintained, 
RNA polymerase holds onto the 
original template strand. 


The originai template 
strand for RNA synthesis 


x ~ The fork 


A moor ~ Newly synthesized 
v. DNA strand 


( 


DNA polymerase 


Possible outcomes 


RNA polymerase switches to 
the newly synthesized 
template strand 


Figure! The possible outcomes following a head-on collision between DNA polymerase and RNA 


polymerase. 


studying co-directional collisions and have 
demonstrated that the replication machinery 
can overtake the transcribing RNA polymerase 
without displacing it. They mimicked the 
Situation inside the cell by mixing, in a test 
tube, purified components of the replication 
and transcription machinery of the bacteri- 
ophage T4, a virus that infects E.coli. 


In a recent article which appeared in Science 
(Vol. 267, 1131-11 37, 1995), Bin Liuand Bruce 
Alberts examined the consequences ofa head- 
on collision between RNA and DNA poly- 
GEES trafficking on the same strand of 
ihe eae orientations (see Figure 1). 

ors found that the movement of the 
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replication machinery is impeded for a long 
time when DNA helicase, an enzyme that 
separates the two strands of DNA, is absent. 
However, addition of DNA helicase (which is 
a normal component of the replication appa- 
ratus of the cell) allowed the replication ma- 
chinery to bypass the transcription machin- 
ery after a brief pause. As a consequence of 
such a bypass, the transcription machinery 
switched its template DNA strand and began 
to utilize the newly synthesized DNA strand. 
To get a better idea one may imagine a situa- 
tion where one passenger train is compelled to 
change over to another track in order to avoid 
collision with a superfast express train ap- 
proaching from the opposite direction (some- 
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thing that unfortunately does not always hap- 
pen!) It should be noted however that such 
switching of the template strand by the RNA 
polymerase requires some extra energy to be 
spent by the cell. It therefore appears that a 
head on collision is more expensive for the cell 
than a co-directional collision. 


Hence, the cells appear to have evolved a 
strategy by which these highly efficient copy- 
ing machineries have some degree of flexibil- 
ity in switching template strands. Since a co- 
directional collision between RNA and DNA 
polymerases is more energy efficient than a 
head-on collision, the genetic material of sev- 
eral prokaryotes suchas bacteria and viruses is 
organised in a manner which ensures that 
most of the frequently transcribed genes are 


oriented in the direction of the Teplic 
ati 
fork movement. The clash between the = 
tans” being inevitable, cells have to Chosen i 
Ue 


least harmful way to deal with it. The geneti 2 
tie 


material of eukaryotes is quite complex an dis 
sheer size makes the understanding of sut 
processes a daunting task. At this moment a, 
can simply hypothesize that since the euka. 
otic replication and transcription machine, 
ies share common structural organisation 
with their prokaryotic counterparts, what; 
good for E.coli may also hold good fora 
elephant! 


eet 
Sanjeev Galande is a research scholar at the Depa 
ment of Biochemistry, Indian Institute of Science, Bit 
galore. 
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Discovery of the Top Quark 


Missing Member of the 
Family Traced 


R Ramachandran 


All matter in the universe is believed to be 
made up of quarks (which are subconstituents 
of protons, neutrons, mesons, etc.) and lep- 
tons (such as electrons and neutrinos). The 
dynamics of these quarks and leptons which 
lead to electromagnetic, weak radioactive and 
strong nuclear forces are governed by laws 
which are a generalized form of Maxwell’s 
laws of electromagnetism. 


Most matter exists as molecules and atoms. 


fon CC-0. In Public Domain. Gurukul 
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Atoms consist of compact nuclei containin 
protons and neutrons held together by nuce 
forces, and negatively charged electrons whit 
are bound electrically to these nuclei. Hig 
energy scattering experiments enableustoss 


Our universe consists mostly of 
the ‘up’ and ‘down’ quarks and 
the electron and electron neu- 
trino. 


protons and neutrons have a substructté 
deed experiments involving high-€ 
elastic scattering of electrons (or 
veal that nucleons (protons and n 
bound states of two species of 


muo 
eutrons) 
quarks, 
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By the 1970's it became clear 
that there is a second 
family of quarks and leptons: 
the ‘charm’ and ‘strange’ 
quarks and the muon and 
muon neutrino. 


ally referred to as the ‘up’ and ‘down’ quarks. 
Roughly speaking, a proton is composed of 
two ‘up’ (u) quarks and one ‘down’ (d) quark. 
Sinceu quarks carry 2/3 units of electric charge 
(the unit is chosen so that electrons have a 
charge of -1) and d quarks carry —1/3 charge, 
protons have one unit of charge. Neutrons, on 
the contrary, are neutral and are made up of 
one u and two d quarks. There is a symmetry 
called isospin which places the pair of nucle- 
ons, i.e. protons and neutrons, on a similar 
footing. (This is analogous to the two possible 
states of a spin 1/2 system). At a deeper level, 
the isospin symmetry can be traced to a simi- 
lar relationship between the u and d quarks. 
Note that there is a difference of one unit of 
charge between theu andd quarks forming the 
isospin doublet. To this pair, we may add a 
lepton doublet consisting of an electron neu- 
trino (v, with 0 charge) and an electron (e- with 
a charge). Our universe consists mostly of (u, 
d) quarks and (v, e`) leptons. 


* 
Ta and TeV denote energies equal to 10°, 

ofelem 0 electron volts respectively. The masses — 
E entary particles are often quoted in units of 
S following Einstein's famous equation 
ee Where c denotes the speed of light. 
Corresponds toa mass ofabout1.78x102’kg. 
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By the seventies, it became clear that there are 
more species of quarks and leptons. For in- 
stance, there is the muon yp’, with properties 
similar to the electron, but about 207 times 
more massive. There is a neutrino v, which 
goes with it. Further, there are two other 
quarks which are picturesquely referred to as 
the ‘strange’ quark (s with—1/3 charge) and the 
‘charm’ quark (c with 2/3 charge). So we add 
the (c, s) quarks and the (v_,4-) leptons to our 
collection of elementary particles. The nucle- 
ons have a mass* of about 0.94 GeV/c? while 
electrons have a mass of 0.51 MeV/c. Neutri- 
nos are believed to be either strictly massless 
or have very tiny masses, while the s and c 
quarks are more massive than the u and d 
quarks. It is a bit difficult to talk about the 
masses of the quarks since free quarks are 
never seen, (It is believed that quarks are 
permanently confined within astrongly inter- 
acting particle such as a nucleon). Neverthe- 
less, it is possible to estimate 1/3 GeV/c? as 
being the approximate effective mass for theu 
and d quarks, 1/2 GeV/c? for the s quark, and 
nearly 1.5 GeV/c? for the c quark. The first 
indication of the c quark was a bound state cc 
(made out of ac quark and its antiparticle ¢) 
with a mass of about 3.1 GeV/c? which was 


In 1975 the discovery of the tau 
lepton indicated the existence of 
a third family of quarks and lep- 
tons. The tau neutrino was in- 
ferred and the ‘bottom’ quark 
was seen soon after, and the 
quest for the missing ‘top’ quark 
began in right earnest. 
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The Basic Constituents of Matter 


or 
| d 
These consist of six quarks and six leptons. They are listed below in three families, with their charges, 4 co 
The recent discovery of the ‘top’ quark (7) is important because it completes this list of quarks, K 
1 
Leptons | Quarks ex 
Charge -] 0 2/3 -1/3 F 
(s 
Family 1 electron e | electron v, ‘up’ U ‘down’ d to 
neutrino quark quark to 
muon v, | ‘charmed’ c ‘strange’ s g 
neutrino quark quark ar 
tau y | ‘top’ Í ‘bottom b S 
; D 
neutrino quark quark 
= a 
(v_has not yet been directly detected) la 
P: 
m 


observed at Stanford in 1974 in positron-elec- generation of quarks. (The discoverers ofi se 


tron (e*e-) collisions. This was confirmed at neutrino and t, Reines and Perl, were awattt ol 
Brookhaven soon afterwards in proton-pro- the Nobel Prize for physics in 1995). b 
ton collision experiments. i 

We need high-energy projectiles to beable t 


In the late seventies, there was an indication produce the heavy ‘top’ quark. In fact, the 


that there could be one more setofquarksand was no clue as to how massive the t q” 

leptons. The first to be discovered, in 1975, would be. With the commissioning of : 
was the heavier brother (sister?) of the elec- new high energy accelerator, attempts © 
tron and the muon. The r lepton has a mass of made to scan through the available ent 


1.784GeV/c2andthereisarelatedneutrinoy, range for a possible sighting of the t % T 
thew? 


We can expect this lepton doublet to be ac- Andas thet quark remained elusive, j tH 
companied by a quark doublet. In 1977,anew limitforits mass kept going UP- Furthest re 
quark called ‘bottom’(b)wasseeninthebound there are many channels for scattering Ss 

for 


state bb in e*e- collisions at about 10 GeV total tions at high energies, searching ; 
energy. The b quark has -1/3 charge. Natu- quark signal was like looking fora 2e m 
rally the quest began for its partner quark haystack — a laborious and complicat a G 
called ‘top’ (t) which should have 2/3 charge. cess. A faint clue came from another iD j al 
This doublet (s b) would then form the third tantexperiment. Theprecision meast 
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a k 
on the Z bosons, which were copiously pro- 
duced at the Large Electron Positron (LEP) 
collider at CERN, Geneva, suggested a pos- 
sible range for the ¢ quark mass in the interval 
150-200 GeV/c. The final proof came in the 
experiments done in the last two years at 
Fermilab near Chicago in the Tevatron collider 
(so named because this machine can reach a 
total energy of 1 TeV). In the Tevatron, pro- 
tons and antiprotons of total energy 900 GeV 
collide to produce various kinds of states which 
are then analysed by two gigantic detector 
systems called D0 (D zero) and CDF (Collider 
Detector Facility). Each system is operated by 
a team of about 400 physicists from about 40 
laboratories in the world (DO includes TIFR, 
Panjab and Delhi Universities). Both experi- 
mental groups have now announced that they 
see candidate events which can be regarded as 
observations of the ż quark. Typically, the 
bound state tt which is produced decays yield- 
ing W+ W- bb. (The W+ W- and Z bosons are 
the carriers of the weak interactions just as the 
photon is the carrier of the electromagnetic 
interactions among quarks and leptons). The 
Strategy for detection was to look for events 
when both the W particles decay giving rise to 
ee* jets, eu* jets and uu* jets, or when one of 
the Ws decays producing e* jets and y+ jets. 
The jets are produced by the b quark and by 
the Subsequent chain of heavy quarks which 
result from successive decays. The DO team 
reports 17 candidate events with an expected 
ee (noise) of 3.8 + 0.6 events. The 
a ee quark is measured to be ue z= at 
stising 2 (syst) GeV/c?, the uncertainties 

Tom possible statistical and system- 
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atic errors. The CDF group finds the ¢ 


quark mass to be 176£8 (stat) +10 (syst) 
GeV/c. 


Searching for the top’ quark sig- 
nal was like looking for a needle 
in the haystack. But experiments 
carried out at the Tevatron 
collider at Fermilab in 1994-95 
now provide the final proof of 
the existence of the top’ quark. 


With this observation, we seem to have three 
generations of quarks and leptons. Indepen- 
dently, by studying the life-time of the Z 
boson, we can deduce the number of species of 
neutrinos into which Z can decay. The result 
ofthe analysis strongly suggests that the num- 
ber of generations (with one species of v for 
each generation) is just three. Perhaps there 
are no more quarks or leptons to be discovered. 
The ‘top’ may be the last elementary particle. 


While the ‘top’ discovery filled the missing 
piece in the set of basic constituents of matter, 
it has also raised many questions. For in- 
stance, why is ‘top’ so much heavier than the 
other quarks? This makes the ‘top’ quark ex- 
tremely ‘short lived’ and throws up new puzzles 
to be solved. Further research is needed to un- 
derstand the properties that ‘top’ shares with 
other quarks and the waysin which itis different 


from them. 
On OO ee 


R Ramachandran is at the Institute of Mathematical 
Sciences, Madras 600 113. 
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Factoring Fermat Numbers 


A Unique Computational Experiment 
for Factoring F, 


C E Veni Madhavan 


Fermat observed thatthe numbers F, = 22 +1, 
k = 0, 1, 2, 3, 4 are prime, and wondered 
whether this was true for all k. Euler found 
that the very next Fermat number is compos- 
ite: F, = 2° + 1 = 641 * 6700417. So far it has 
been verified that F,, 5 < k < 22 are all 
composite. No one knows whether any other F, 
is prime. The numbers F, grow rapidly with k 
— each is almost a square of the previous 
number—anditisa very difficult task to decide 
their primality. We give below an outline of the 
relevant computational challenges. 


First note that, if k is odd, 3 divides 2* + 1 and 
in general, 27+ 1 divides 2% + 1. Thus, if k is 
not a power of two, 2*+ 1 is not prime. Fermat 
hazarded a guess that the converse was also 
true. In 1877, Francois Pépin published a 
necessary and sufficient condition which states 
that F,,k > Lis prime ifand only if F, divides 
5 (F,-1)/2 + 1]. This condition is the basis for 
determining whether F, is prime for any given 
k. Failure of this condition means that F, is 
composite. It does not reveal any information 
about the factors. 


Today, sophisticated number theoretic meth- 
ods and powerful computing platforms are 
used for testing primality and factoring of 
large integers. These find applications in many 


a 
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practical problems such as ctyptograph ! 
Y. Th 


factori 
have been achieved by means of wo i 


recent records in Fermat number 


niques called number field sieve (NFS Ja 
elliptic curve method (ECM). 


Thecomplete factoring of F, , which has aboy 
150 decimal digits was carried out in 19924 
a unique computational experiment, Hy 
dreds of computers in different parts of 
world, working independently and in the 
spare time generated certain seed numba 
These computers sent their seeds by ek, 
tronic mail to a host computer in USA. Th 
host carried out the combination of the se 
and the factoring. The NFS method, requ: 
ing the generation of an enormous numbet( 
such seeds, was thus eminently suitable ft 
this exercise. However this method is qu! 
difficult to implement. 


Last year the number F,, was determined! 
be composite, using Pépin’ s criterion andi 


tremely fast arithmetical algorithms ia 


mented on supercomputers. This numbel: 


about 1.3 million decimal digits (about! 
times as long as this article) required 4 
10'S arithmetical operations and abou! j 
months ofreal time. Complete factorizati 
Fermat numbers is known only forks 
k = 11. No prime factors of F andin 


known. 
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C E Veni Madhavan is with the Departmen ito | 
puter Science and Automation, Indian 


Science, Bangalore 560 012. 
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Algebra for Everyone 


a Beautiful Book at an Affordable Price 


Kapil H Paranjape, Dilip P Patil 


Algebra 
M Artin 
Prentice-Hall of India Private Limited, 
New Delhi. 1994 
pp. 618. Rs.150. 


Inprimary school we learn how to perform the 
operations of addition and multiplication with 
natural (or counting) numbers. We then learn 
how to include the negative numbers to per- 
form subtractions and fractions to perform 
divisions. Later in high school we learn to use 
variables as if these were numbers and per- 
form operations on them. Soon after, we learn 
elementary operations on matrices and dis- 
cover the possibility that multiplication may 
not be commutative (i.e., AB need not be equal 
to BA). The study of these basic entities and 
Operations lies at the foundation ofmodern algebra. 


The natural question that arises is: When can 
Wwe extend the operations and work as if we are 
dealing with the familiar number system? A 
well-known warning in school is “do not di- 
vide by zero” — can one always divide by a 
aie ue or equivelonily what can one 
Rie A 7 Toa pitfall is the one indicated 
a nae eae do not commute. Mod- 
ter ee Selle the rules pecs to 
subtraction a sae that are Gee CERO, 

> Glvision and multiplication in 
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such a manner as to avoid similar traps. A 
number of beautiful (and sometimes unex- 
pected) applications to other areas result — 
since we can now recognise the familiar opera- 
tions in a number of different disguises. 


We have here not so much an 
algebraist’s algebra book but 
one for a more general math- 
ematical training. 


A pure algebraist would thus be quite content 
to study the general formal theory with ex- 
amples introduced only to show why some 
results cannot be stated in greater generality 
(—most algebraists are not so pure however!). 
The book under review has taken an approach 
almost opposite to this. All topics and defini- 
tions are introduced with examples to show 
how these work. In that sense we have here not 
so much an algebraist’s algebra book but one 
for a more general mathematical training 
(which is not to say a budding algebraist will 
not benefit from reading it!). In fact one could 
go so far as to say that the material in this book 
is essential for any person wishing to use any 
kind of mathematics. A more detailed account 
of the material in this book follows. 


The first four chapters deal with the elements 
of matrices, groups, vector spaces and linear 
transformations. Chapter 4 has some nice ap- 
plications to systems oflinear differential equa- 
tions. Chapter 5 has beautiful discussions on 
symmetries of plane figures, groups of mo- 
tions of the plane, discrete groups of motions, 
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abstract symmetry etc. It is unusual to find 
this kind of material presented so well in a 
book at this level. Chapter 6 continues with 
more group theory and ends with a section on 
the Todd-Coxeter Algorithm, again a topic 
not usually found in a book at this level. 
Chapter 7 deals with bilinear forms, hermitian 
forms, spectral theorem etc. An introduction 
to linear groups and group representations is 
attractively presented in Chapters 8 and 9. 
The notion of the Lie algebra ofa linear group 
is discussed in Chapter 8. These two chapters 
can be used at the M.Sc. first year level to give 
an introductory course on Lie groups and 
group representations. Chapter 10, which is 
mainly a chapter on rings and ideals has a 
concluding section providing a nice motiva- 
tion for the study of algebraic geometry. The 
chapter on factorization, Chapter 11, has a 
detailed discussion on the arithmetic of qua- 
dratic number fields, again a topic not nor- 
mally found in an introductory text book. 
Chapter 12 is on modules leading to applica- 


tions to the structure theorem for 
groups and various canonical forms for li 
operators. Chapters 13 and 14 Provide g a 
cellent introduction to field theory aha 
Galois theory. 


abeli, 


This book can be used as a text at the unde 
graduate as well as the M.Sc. levels, A Now 
the Teacher included in the beginning oft 
book gives several useful suggestions forg 
veloping various courses based on it, The 
are plenty of excellent exercises, the m, 
challenging ones being marked with an as 
isk. It is fortunate that this book is noway 
able to Indian students and teachers at; 
eminently affordable price. No personal tt 
lection of a research mathematician, stud 
or teacher will be complete without it! 


Kapil H Paranjape is with Indian Statistical la 
tute, Bangalore. Dilip P Patil is with the Dep 
ment of Mathematics at Indian Institute! 
Science, Bangalore. 


A Joyous Romp Through 
Basic Physics 


The Work of a Magician of the 
Highest Calibre 


V Balakrishnan 


The Feynman Lectures on Physics, 
Vol. 1 & 2 
RP Feynman, R B Leighton, M Sands 
Addison-Wesley, Reading, Mass., 
1963 and Narosa, New Delhi, 1987 
pp.550 + 580 Rs.300 


he fegnman 
LECTURES ON 


PHYSICS 


aie 


Some years ago, this reviewer began at ate 
tional preface to the Indian edition oft 
Feynman Lectures on Physics (FLP) with 
words, "The Feynman Lectures on Phy 
rank among the classics of our times, at! 
borders on impertinence to attempt t0 wit 
preface to them". If a preface is impertin 
a review may be lèse-majesté!"But one 
try", as Diracis reported to have told Fe 
in connection with the "search for 8% 
equation" analogous to that discove™ 
Dirac for the electron. And so: 


RESONANCE 


Digitized by Arya SBEL RRA phpnnai and eGangotri 


S Sa ai aca a S 

abel, a = ama 

i ling Richard Feynman Maca Wee an Feynman did something very uncon- 

ay, | American theoretical physicist who f ventional at the height of his research 

lu shared the Nobel Prize in 1964 with Ka f career. He spent iwo entire years plan- 
Tomonaga Hapan) and Schwinger ) a ning and teaching a course of physics at 
(USA) for very basic work on “quantum ggi $ the undergraduate level (i.e like our BSc. 

Ung | electrodynamics”. Thistheory describes Sai ¢ _ in India), The three volumes which re- 

Note the interaction of electrons and other charged sulted are not a conventional textbook but have 

5 Of t material particles with photons, i.e. with light. He inspired generations of physicists. We hope that 

forg also made important contributionstowardsunder- reviewing them in Resonance will help a new 

The standing the behaviour of liquid helium and the generation of students and teachers learn about 

€ m internal structure ofthe proton and the neutron. His  theirexistence and benefit from their unique view of 

n aste colourful life and personality and unique style of physics. 

W aval doing physics have been well documented in James 

sata Gleick's book. R Nityananda 


How does one describe a set of books whose 


lively chapters (52 in Vol.1, 42 in Vol.2) repre- 
sent nothing less than a joyous romp through 
all of basic physics (and often the relevant 
mathematics, too) for the interested beginner, 
and an exuberant celebration of the beautiful 
edifice called classical physics for the more 
knowledgeable reader? Like the best wine, 
these books seem to improve with age — the 
age of the reader, as well ! Each time one goes 
back to the FLP, one gains new insights espe- 


ics at Caltech in the early sixties. Asin most 
serious efforts of this kind, detailed and thor- 
ough discussions of various suggestions and 
alternatives took place. The solution arrived 
at finally was remarkable: to have Richard 
Feynman (who had never handled freshman 
physics previously) prepare and delivera com- 
plete set of lectures; and record, transcribe 
and edit these in the form of a textbook for the 
proposed new course on physics. This is es- 
sentially what was done. Volume 1 covers the 


phy cially in the pedagogy of physics. Instead of lectures given (at the rate of two per week) 


e merely describing ("reviewing") the contents 
tt’ ofthe volumes, it might be more interesting to 
focus on Peripheral information that is rel- 
jeg “Vant to the appreciation of this unique legacy age — the age of the reader, as 
w oFone of the greatest minds of our times. well ! Each time one goes back 
a to the FLP, one gains new in- 
ft The whole project began with a plan for a sights especially in the peda- 
totally revised, up-to- gogy of physics. 


Like the best wine, the Feynman 
volumes seem to improve with 


date course in basicphys- 
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during the academic year 1961-62, while Vol- 
ume 2 covers those given during the bulk of 
the academic year 1962-63. (Volume 3, on 
Quantum Mechanics, covers the lectures given 
during the last quarter of the second year.) 
Feynman himself states that he would have 
preferred to have followed up electromagne- 
tism mainly with "...things like fundamental 
modes, solutions of the diffusion equation, 
vibrating systems, orthogonal functions, ... 
developing the first stages of what are usually 
called the mathematical methods of physics." 
Given the incomparable combination of physi- 
cal insight and mathematical ingenuity that 
Feynman possessed, what might we not have 
seen if only this had come about! 


` And yet there is sufficient magic in the vol- 
umes that did see the light of day. The great 
mathematical physicist Mark Kac classified 
Feynman as “a magician of the highest cali- 
bre” in tribute. The wand-waving is delecta- 
bly in evidence throughout the FLP. Today, 
more than thirty years after the event, we are 
witness to a flurry ofrecognition of Feynman’s 
heroic effort, by way of various new editions, 
video cassettes, and so on. Feynman himself 
worked extremely hard on these lectures (and 
the demonstrations that accompanied them). 
“He gave 100 per cent of his time to these 
lectures. He worked from eight to sixteen 
hours per day on these lectures, thinking 
through his own outline and planning how 
each lecture fitted with the other parts”. If the 
lectures themselves constituted a two-year long 
virtuoso performance, no less strenuous was 
the job of converting them into the classic 
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printed version we now have — ą ms, 
: 3 i 

required the close attention of Professi | th 

physicists (Richard Leighton, Matthew Say | FYI 


for ten to twenty hours per lecture!” z, iS Pr 
care was taken however, to preserve the al thi 
and spirit of the lectures — the informal k thi 
guage, the zestful progression to real expl, jcs 
tions and the lively ‘Aha’ of discovery, (Ny 
understanding was reached that the Publis TI 
would follow the manuscripts that were ma | 
vided — because it was not a textbook by, $ 
book of lectures.” ) k 
| no 
Robert Walker told Feynman: | | 
"Some day you will realize that | | P” 
what you did for physics in those p 
two years is far more important 4 
than any research you could || he 
have done during the same || _, 
period." | oo 
| mi 
What did Feynman himselfthink ofthell!| to 
Some brief comments are to be found? tio 


Feynman’s own preface to the FLP, wk ia 
mot ` o 


said more in retrospect, less than 4 
are 


before he passed away: "Now if you ask p 

I think I succeeded in teaching physics" te 
haven’t the slightest idea....At the end ot i 
years (1961-63) I felt that I had wasted i 
years, that I had done no research E 

entire period...I remember Robert Walke 
ing to me: 'Some day you will realize tha j em 
you did for physics in those two yec ab 
more important than any research 1% g edi 
have done during the same pero" of 
'You’re crazy!'. I don’t think he’s crazy 


ant, 
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think he was right...when I read them (the 
FLP) over, ....they’re good, they’re all right. 


* Pm satisfied; rather, Pm not dissatisfied with 


them...1 must admit now that I cannot deny 
that they are really a contribution to the phys- 


ics world.” 


There isn’t a whiff of overstatement here. 


|- Over the past fifty years, if not more, dedi- 


cated and experienced teachers, researchers 
and educationists have grappled with the prob- 
lem ofsuccessfully teaching basic physics. Itis 
no exaggeration to assert that the problem has 
unique aspects that are not shared by the 
problem of teaching other subjects such as 
mathematics, chemistry or biology at a corre- 
sponding level. (These may have other fea- 
tures of their own, but that is not the issue 
here.) Entire essays could be (and have been) 
written on these aspects. Some basic ones that 
readily come to mind are: Our intuition or 
mind-set (evolutionary hard-wiring?) tends 
to be ‘Aristotelian’ (force > change of posi- 


tion), whereas the macroscopic mechanical 


world is Galilean/Newtonian (force > change 
of velocity). Physics is quantitative; its laws 
are inevitably expressed mathematically. Ap- 
Plying them involves a fairly sophisticated 
three-fold process: a proper translation (by 
thestudent) ofthe physical problem into math- 
“matical terms, its solution using freshly and 
Often incompletely acquired mathematical 
aS and finally an interpretation of the math- 
ae solution back in physical terms. These 
instar enot easily acquired, in general. An 
course's yJ gn Rigden on the introductory 

A Physics in the American Journal of 


Physics concludes with the somewhat diffi- 
dent words: 


“Thestudents. They leavethe introductory course 
with a disjointed, collage-like idea as to the 
content of physics and they leave with no idea 


whatsoever how it is that we know what we 
know. 


The faculty. They leave with a rekindled and 
deepened awareness of the conceptual rich- 
ness of the introductory course. They are happy 
with the way they have brought the ideas 
together. 


The introductory course... illusion...” 


There are very few places in the 
physics literature where one is 
likely to encounter the calcu- 
lated aplomb needed to write 
down just eight lines in a table, 
and to call it “all of classical 
physics". 


In this situation, the FLP offer grounds for 
optimism. A perspective that takes in the twin 
paradox, the Krebs cycle, seismic waves, in- 
sect vision, thunderstorms, crystal disloca- 
tions, vorticity and alternating-gradient syn- 
chrotrons, among other things, and tells one 
how to place them in their logical positions on 
a vast mental tapestry is no mean accomplish- 
ment. There are very few places in the physics 
literature where one is likely to encounter the 
calculated aplomb needed to write down just 
eight lines in a table, and to call it “all of 
classical physics”. (The eight lines are: the 
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four Maxwell equations, the continuity equa- 
tion, the Lorentz force expression, Newton’s 
second law of motion and the inverse square 
law of gravitation.) Professional physicists 
know how uncommon it is for even advanced- 
level textbooks (as opposed to specialized 
monographs) to appear as references in papers 
reporting on current research. How extraordi- 
nary, then, must a book at the undergraduate 
level be to merit numerous such citations? 
This reviewer can think of at least two differ- 
ent examples of this sort in the FLP. The first 
is figures 41-6 in Vol.2, captioned “Flow past 
a cylinder for various Reynolds numbers”. 
Evidently such a clearly delineated set of 
sketches is not too common even in the spe- 
cialized hydrodynamical literature! The sec- 
ond is the beautiful little chapter on irrevers- 
ibility in Vol.1 (Ch.46, entitled “Ratchet and 
pawl’). The analysis of the hypothetical device 
described in this chapter has attracted consid- 
erable attention in recent years. These are but 
a few instances of the remarkable clarity of 
focus on the real issues, sometimes bordering 
on prescience, that is characteristic of the 
FLP. As Feynman himself said in relation to 


the FLP, "...?ve always been trying to. = 
toj 

prove the method of understang. pa 
everything... There was always q certain : ay 
sure in discovering for myself actually 6 
could understand many more thine et an 
thought I could from the elementary E TH 
view. I would use these explanations (in al 
lectures)." James Gleick ends his biography, 7 
Feynman with the words, "An imprint , e 
mained: what he knew; how he knew" ; to. 
Feynman Lectures on Physics are an imports gis 
and memorable part of that imprint, T 

Suggested reading ab 

R P Feynman. Preface, FLP. A 


M Kac. Enigmas of Chance. Harper & Row Ne 
York. 1985. tio 

J Mehra. The Beat of a Different Drum — Theli Wi 
and Science of Richard Feynman. Clarenda, sp; 
Oxford. 1993. 

R B Leighton. Foreword, FLP. 

R P Feynman in Interviews and Conversations wi 
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J S Rigden. Am. F. Phys. 52: 303. 1984. the 

J Gleick. Genius — Richard Feynman and Mot tiy 
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V Balakrishnan is with the Department of Physi! 
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"Odd, Watson - Very Odd!" 


The Chemical Evolution Model Revisited 


S Mahadevan 


Seven Clues to the Origin of Life - 
A Scientific Detective Story 
A G Cairns-Smith 
Cambridge University Press, 
Cambridge, 1985 
pp. xii + 131. Rs.195. 


The origin of life on earth, as describ! 
most standard text books, has seeming!" 
contradictory aspects. Most authors s 
describing the classic experiments g ff 
Spallanzani and Louis Pasteur that ; 7 
the theory of spontaneous origin of life” 

from inanimate matter, leading t© the 


es 
sion that life can arise only from PI" y 
pe qu” 


PREMA IYER 


life. This automatically leads to t 7 
as to how it arose in the first place 
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has to back track and seriously reconsider 


cOn the same style of arguments to examine our 
ndin evolution of life forms from the pre-biotic, i.e. 


current understanding of the chemical evolu- 


Ple, non-living environment. Thisis taken in stride tion of life. 


‘thay nd the experiments of Miller are described. 


thay; The ultimate conclusion drawnisthatchemi- As the author states in the introductory chap- 


ter itself, no one doubts that evolution has 
occurred. What he questions is the commonly 
believed role attributed to chemical evolu- 
tion. As the title suggests, the arguments are 
presented in the form of seven clues which 
Orta point to the inadequacies of the chemical 


it calevolution gave us the eG life forms 
mt and biological evolution, mediated by natural 
Phy: selection, gave us the varied life forms seen 
int x today. This is accepted today by most biolo- 
N gists, in many cases for want ofa better theory. 


Inthis context, Cairns-Smith’s extremely read- 
able book, Seven Clues to the Origin of Life: A 
Scientific Detective Story offers a serious re- 
examination of our ideas of chemical evolu- 
tion. The book is written for the lay-person 
with no training in biological sciences. In 
spite of this, it is fun reading for any one 
interested in biology, particularly students 
and teachers, as well as fans of Sherlock 
Holmes, for the author depends heavily on 
the methods of the illustrious fictional detec- 
tive created by Sir Arthur Conan Doyle. 
Holmes used his powers of logic to solve ex- 
tremely complex cases. Here, the author uses 


evolution'model as it is understood conven- 
tionally. 


The introductory chapter examines the vari- 
ous possible models proposed for the origin of 
life. Was it the result of natural events or 
supernatural intervention? Based on avail- 
able evidence, the likely conclusion is that life 
originated on earth due to natural causes 3-4 
billion years ago. He compares our position to 
that of Sherlock Holmes starting his famous 
case of The Hound of the Baskervilles. We have 
to exhaust all other possibilities before falling 
back on the supernatural. The following chap- 


i Holmes used his powers of logic | 
n to solve extremely complex 

e cases. Here, the author uses 

; y the same style of arguments to 

- examine our current under- 

E standing of the chemical evolu- 

A : tion of life. 
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ters take us through our present concepts of 
information transfer in biological systems and 
the interrelation between various biological 
processes. The result of this exercise is the 
appreciation that biological systems that exist 
today are extraordinarily complex, consisting 
of interlocking components that can function 
only in a mutually dependent manner. Armed 
with our current knowledge about the mo- 
lecular architecture of living beings, we can go 
back to the initial question as to how it all 
started. In the author’s view, the explanation 
given in terms of chemical evolution is far 
from satisfactory. After leading us through a 
garden path initially, the theory ieads us to an 
insurmountable cliff-face. 


The major problem with the chemical evolu- 

tionary theory, according to the author, is the 

fact that it fails to explain the interdependent 

nature of the different components of the 

living system. The basic molecular processes 

such as DNA replication, transcription, and 

translation are multicomponent systems that 
are closely tied to each other. It is almost 
unimaginable that they evolved independently 
and came together in a miraculous fashion. It 
is also equally unlikely that they evolved si- 
multaneously. The problem is similar to build- 
ing an arch without a scaffolding. The stones 
of an arch cannot be assembled one at a time 
without a support as the whole structure will 
collapse. Similarly, in the absence of a 'scaf- 
fold', the interlocking components of the 
biological system cannot evolve indepen- 
dently. But then, where is the supporting 
structure? This argument is a bit weak as it 
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The major problem with the 
chemical evolutionary theory 
according to the author, is the 
fact that it fails to explain the 
interdependent nature of the 
different components of the liy- 
ing system. The basic molecy. 
lar processes such as DNA rep- 
lication, transcription, and 
translation are multicomponent 
systems that are closely tied to 
each other. It is almost unimag- 
inable that they evolved inde- 
pendently and came togetherin 
a miraculous fashion. 


applies not only to the molecular aspecte 
evolution, but also to biological evolutiu 
Therefore, by the same argument,the trar 
formation of a single cell to a complex ogi 
ism with interacting components is not lik 
to happen in the absence of a scaffold. 


The disparity between the available ar 
mental evidence for the synthesis of o8” 
molecules in the prebiotic soup under Le 
geological conditions and the comple 
the final products of evolution, accord 
the author, is simply too vast and rakes@6? 
leap of imagination to g0 from one " f 
other. The organic synthesis of DNA, r 
tion ari 
synthesis in an aqueous environment 
toimpossiblein the absence of catalys® sl 
it is difficult to picture the direct coe i 
the entire ensemble of biopolyme® 
biochemical cycles. These argument 


and proteins involves dehydra 


crema | 
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sented Jucidly in the following chapters. 


In the absence of the direct evolution of or- 


ganic biopolymers from the prebiotic soup, 
what other possibilities can one consider? 
The author suggests the clue provided by the 
rope. The fibres that make the rope need not 
run through the entire length of the rope as 
long as they can be interconnected. The same 
way, newer organisms carrying more efficient 
genes can be generated sequentially like the 
fibres of the rope. The rope symbolises the 
continuum of life forms as they gradually 
evolved, one giving way to another as new 
genes were created replacing old ones. 
(Strangely, ropes found at the scene of crime 
gave valuable clues to Sherlock Holmes also. 
At least in two cases, they helped him in the 
identification of the criminal.) 


But then where is the scaffolding? Where are 
the catalysts? Where are the secluded cham- 
bers where the primitive information mol- 
ecules that were evolving could be isolated 
from the vagaries of the environment? The 
way the author reads the clues, the answers 
have to come from inorganic rather than or- 
ganic molecules. Crystals can be the primitive 
Carriers of information. With their ability for 
sali assembly, they can be reproduced rela- 
‘ely easily. With their layers of closely 
Stacked atoms, they can offer a matrix for 
chemical reactions, thus playing the role of a 
ee ee With Polarised surfaces, 
a T = actasa pominie anteater 
ehh ate based on minerals 
y lead to the formation of sec- 


The book is thoroughly read- 
able, as it promotes a healthy 
irreverence to many closely 
held beliefs of molecular 
evolutionists. 


ondary organisms based on organic chemi- 
cals. Because of their inherent efficiency, they 
could gradually replace the primary organ- 
isms in a genetic takeover. Thescaffolding was 
probably destroyed in the course of time. 


What could be the inorganic molecule that is 
best suited for such a challenging task ? Well, 
like any reviewer of detective stories, I do not 
want to name the'culprit'. Theauthor’s choice 
is quite original and plausible. However, one 
gets the feeling of an anticlimax at the end of 
the book. Expecting an ending similar to the 
logical manner in which Sherlock Holmes 


would summarise his case, one is presented 
with the flair of Hercule Poirot who is known 
to present his culprits dramatically without 
sharing with the reader the evidence that led 
him to his remarkable results. But despite this 
limitation, the book is thoroughly readable, as 
it promotes a healthy irreverence to many 
closely held beliefs of molecular evolution- 
ists. In a culture like ours which takes the 
printed word as the gospel truth, questioning 
of “holy cows” is definitely recommended. As 
Holmes would say, "The game is afoot, 
Watson!" 


aa 
S Mahadevan is with the Developmental Biology and 
Genetics Laboratory at Indian Institute of Science, 


Bangalore. 
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India to Host 1996 International Mathematical Olympiad 


India will host the 37th International Math- 
ematical Olympiad (IMO) in July 1996 in 
New Delhi. The IMO, which is an annual 
event, is the most celebrated intellectual con- 
test for school children all over the world. The 
first ever IMO was held in 1959 in Romania 
with just seven countries taking part. This 
year it is expected that about 75 countries will 
participate. Each participating country can 
send a team of upto six students. To be able to 
contest in the IMO a student must not have 
entered the university and should be below 20 
years of age. 


The National Board for Higher Mathematics 


a (NBHM) is organizing the event which will be 


i 
J 


id. 


sponsored by the Ministry of Human Re- 
sources Development. The selection of the 
Indian team for the 1996 IMO has already 


nee Indian team for the IMO is selected during the 
S NDD usually conducted in the month of May 
iouar 3 The students for these camps are selected 
INMo) ae Indian National Mathematical Olympiad 
INMo ae in February every year. To qualify for the 
Mathematical « heve to come through the Regional 
ducted A aplod: which are generally con- 
obtained fee October. Further information may be 

m: The National Board for Higher Math- 


matics, D 
400 039. AE, Anushakti Bhavan, CSM Marg, Bombay 


Sample Problems 
from IMO 


© (IMO 92, Problem 2) Let R denote the set 
of all real numbers. Find all functions 
f: R—>R such that for all x yin R 


fix? + flyl) = y + lili)? 


@ /MO 95, Problem ó) Let pbe an odd prime 
number. Find the number of subsets A of 
the set {1,2...,2} such that i) A has ex- 
actly pelements, and ii) the sum of all the 


elements in A is divisible by p. 


begun (*). The aims of the IMO are: 


@ todiscover,encourageand challenge math- 
ematically gifted young people in all coun- 
tries; 

e to foster friendly relations between math- 
ematicians of all countries; 

e to create an opportunity for the exchange 
of information on school syllabi and prac- 
tice throughout the world. 


The IMO consists of a written contest held on 
two consecutive days. Each day the contes- 
tants have to solve three problems in four- 
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and-a-half hours. The problems are all from 
high school mathematics (no calculus). They 
are of an elementary nature but rather diffi- 
cult and their solutions require a certain de- 
gree of insight and creativity. 


and 20 bronze medals. The NBHM ae 

scholarships to the Olympiad participa ig 

they wish to pursue mathematics ang "i vet 

conducts Nurture Programmes for thea? tre 
6 


ery year at leading institutes in the count 
J, 


Ph 

India has been participating in the IMO since C R Pranesachar, DAE, Department of Mathen., 
1989 and has so far bagged 1 gold, 15 silver Indian Institute of Science, Bangalore, E Re 
fet 
wa 
1994 Fields Medals Ca 
Nu 


The most prestigious award for mathematics 
is the Fields Medal which is awarded once in 
four years to three or four young mathemati- 
cians for their outstanding contributions. They 
receive the Medal during the International 
Congress of Mathematicians held once in four 
years. 


In the last International Congress of Math- 


ematicians held in Zurich, Switzerland; P 
August 1994 the following four mathem wi 
cians were awarded the Fields Medal; jy 
Bourgain, Institute for Advanced Stu 
Princeton, USA; Pierre-Louis Lions, Uniw 
sity of Paris-Dauphine, Paris; Jean-Chns m 
pher Yoccoz, University of Paris-Sud, Pat 
Efim Isaakovich Zelmanov, University of Wi 
consin, USA. 


o a ee Ce 


1995 Nobel Prizes 


Physics 


The 1995 Nobel prize in Physics has been 
awarded to Martin L Perl of Stanford Univer- 
sity, USA and Frederick Reines of the Depart- 
ment of Physics, University of California at 
Irvine, USA for pioneering experimental con- 
tributions to lepton physics. They discovered 
two remarkable subatomic particles. 


Martin L Perl and his colleagues found, 
through a series of experiments in the 1970s, 


` 
a lepton, called the ‘tau’ (r). The tau hasp 
erties similar to the electron, butis about} 
times heavier. Their discovery of the tall 
the first sign thata third ‘family’ of funda 
tal building blocks existed. (The secot 
ily has the muon (u) which is some 20008 
heavier than the electron) 


Frederick Reines and the late Clyde Lof 
Jr., demonstrated experimentallyin the 

the existence of the antiparticle of w 
tron-neutrino v,. This was 4 remark# 
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because neutrinos and anti-neutrinos interact 
e 


yery weakly with matter and are thus ex- 
tremely difficult to detect experimentally. 


Physiology or Medicine 


` Research on malformation in the fruitfly 


fetched three developmental biologists: Ed- 
ward B Lewis of the Department of Biology, 
California Institute of Technology, Christianan 
Nusslein-Volhard of Max Planck Institute for 
Development Biology, Tubingen and Eric 
Wieschaus of the Department of Molecular 
Biology, Princeton University the Nobel prize 
in Physiology or Medicine for the year 1995. 
Their work on the fruitfly Drosophila 
melanogaster helped uncover many secrets of 
embryonic development. They created muta- 


tions in the genes of the fly which could delete 
or duplicate entire body segments. This work 
has significantly advanced our knowledge of 
the genetic control of development. 


Chemistry 


The 1995 Nobel Prize in Chemistry has been 
awarded to: Paul Crutzen, Max-Plank-Insti- 
tute for Chemistry, Mainz, Germany; Mario 
Molina, Department of Earth, Atmospheric 
and Planetary Sciences and Department of 
Chemistry, MIT, Cambridge, MA, USA, and 
F Sherwood Rowland, Department of Chemis- 
try, University of California, Irvine, CA, USA 
for their work in atmospheric chemistry, par- 
ticularly concerning the formation and de- 
composition of ozone. 


100th year of wireless communication... In 1895 Jagadish Chandra Bose gave 
a public lecture at Town Hall, Calcutta, in which he demonstrated for the first time 
wireless transmission of electromagnetic signals through solid walls; it quickly 
made him famous throughout Bengal. As a result of that growing fame, the 
government of Bengal sent him on a nine-month lecture tour of Europe, where in 


December 1896 he repeated his demonstrations of wireless transmission at the 
Royal Institution before an audience that included Lord Kelvin. That event antici- 
pated by a year Guglielmo Marconi's more celebrated (and commercially ex- 
ploited) wireless transmission demonstrations in the same city. 


Poisson's view ... That the French mathematician Poisson ( 1781 - 1840) liked 
teaching can be seen from his own words: "Life is made beautiful by two things — 
Studying mathematics and teaching it". 
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Resonance - journal of science education is primarily ta rgeted to undergraduate sudengay) 
teachers. The journal invites contributions in various branches of science and emphasizes g 
lucid style that will attract readers from diverse backgrounds. A helpful general rule is tha, j 
least the first one third of the article should be readily understood by a general audience, 3 


Articles on topics in the undergraduate curriculum, especially those which students offen 

consider difficult to understand, new classroom experiments, emerging techniques and idea ! 
and innovative procedures for teaching specific concepts are particularly welcome: Te | 
submitted contributions should not have appeared elsewhere. 


Ay m Ne 


Manuscripts should be submitted in duplicafeto any of the editors. Authors having accesstoa 
PC are encouraged to submit an ASCII version on a floppy diskette. If necessary the editors may, | 
edit the manuscript substantially in order to maintain uniformity of presentation and to enhanc 
readability. Illustrations and other material if reproduced, must be properly credited; itisthe 
author's responsibility to obtain permission of reproduction (copies of letters of permisi | 
should be sent). In case of difficulty, please contact the editors. | 


Title Authors are encouraged to provide a 4-7 word title and a 4-10 word sub-title. o 
these should bea precise technical description ofthe contents ofthe article, while the other! must. 
attract the general readers’ attention. 3 


Author(s) The authors name and mailing address should be provided. A photograph hat | 3 
a brief lin less than 100 words) biographical sketch may be added. Inclusion of phone Of ange | 
numbers, and e-mail address would help in expediting the processing of manuscripts 
: “Summary and Brief Provide a 2 to 4 sentence summary, and e a one 
brief fort the contents page. 
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n | mustrations Use figures, charts and schemes liberally. A few colour illustrations may be 
a yseful. Try fo use good quality computer generated images, with neatly labelled axes, clear 


labels, fonts and shades. Figure captions must be written with care and in some detail. Key 
features of the illustration may be pointed out in the caption. 


' 
en | Boxes Highlights, summaries, biographical and historical notes and margin notes presented 
a ata level different from the main body of the text and which nevertheless enhance the interest 
he ofthe main theme can be placed as boxed items. These would be printed in adifferenttypeface. 


Such a boxed item should fit in a printed page and not exceed 250 words. 


Suggested Reading Avoid technical references. If some citations are necessary, mention 
these as part of the text. A list of suggested readings may be included at the end. 


layout \tis preferable to place all the boxes, illustrations and their captions after the main text 
of the article. The suggested location of the boxes and figures in the printed version may be 
marked in the text. In the printed version, the main text will occupy two-thirds of each page. The 
remaining large margin space will be used fo highlight the contents of key paragraphs, for 
figure captions, or perhaps even for small figures. The spaceis to be used imaginatively to draw d 
attention to the article. Although the editors will attempt to prepare these entries, auth 
encouraged to make suitable suggestions and provide them as an annexure. 


Book Reviews 


i The following types of books will be reviewed : textbooks in subi 
| (2) general books in science brought to the atfentic 
i Classics; (4) books on educational methods. Books 
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A good educational system must meet these objectives. Is it 
possible to create such a system? I believe so, for, although no 
country in the world seems entirely happy with the System it has, 
we must admit that many havesystems more Satisfactory than our 
own. The question therefore is: how can we proceed to improve 


our system? 


A first interesting point is that there is great diversity in the 
educational systems that different countries have devised for 
themselves. Thus, at Cambridge you can get a B.A. in “natural 
sciences” or engineering three years after entry (with three short 
but intense terms of 8-10 weeks each during the year). In Ger- 
many, on the other hand, you need 5 years before you get the first 
“Diplom” in engineering. In the US you take a 4-year course for 
a Bachelor’s degree in science or engineering, but you need to 
spend at least four more if you wish to practise medicine. In many 
European countries the state goes to great trouble to ensure 
uniform standards, at entry to the university as well as at gradu- 
ation, whereas the US system allows for considerable variation — 
the interested public soon finds out for itself which element of the 
system delivers what. In spite of this loose regulation in the US, 
however, it is universally recognised that their (post-) graduate 
educational system is about the best available anywhere. 


What does this tell us? I think the chief conclusion to be drawn 
isthat, while certain professional standards must of course be met 
byany national system, there is a lot of room for variation, i.e., for 
tailoring the System to the social and cultural needs of each 
country, During the last two centuries, Europe and its 
*ducational System have often been driven by imperial 
‘mbition (the motto of Imperial College stands for Science 
Seb of Empire), and our own (with its extraordinary 
school) b e rR geography and such other subjects in 
ünctionari We need to manufacture clerks and other 
ee sais, to run their Indian empire. If we sweep aside 
lal cobwebs, what kind of system would we need 


to dey; 
EVise for Ourselves? 


There is great , 
diversify in the 
educational 
sysiems that 
different countries 
have devised for 
themselves. This 
suggesis that there 
is a lot of room for 
tailoring ihe indian 
system fo the social 
and cultural needs 
of the couniry. 
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Physicists already had an explanation for such Spect 
Tal shi 


First discovered by the Dutch physicist C Doppler (1893 h 
-34 i 


the case of sound waves, the explanation is equally appli hi 
3 : Ical 
light waves. The shifts are expected to occur whenever th bly T 

; ; ere jy, 
relative motion between the source and the observer a fr 
‘uiy fo 


relative motion is one of recession, a redshift is observed: ifin 
0 sg se 


; the T 
shift can be used to calculate the speed of recession of the soy E T 
Ie 


approach, there will be a violetshift. The magnitude of 


Edwin Hubble and his young colleague Milton Humason cay i 

fully analysed the data on spectral shifts. In Particular, bel th 

deciding whether a distant nebula was approaching or Tecediy as 
Looking at his from our galaxy, they corrected for our own motion relatiye tolk 

distance estimates, galactic centre (recall that the earth moves around the sun, whi N 

Hubble noticed a in turn moves around the galactic centre). us 

definite pottern: the vi 

greater the Meanwhile, using other tools of imaging, astronomers hadm sa 

distance, the larger enough progress to be able to make estimates of the distances  — 
the redshift, and many of these faint nebulae. Using an (admittedly crude) assump 
hence greater the tion that a fainter object is farther away, they thus had a fir 
speed of recession glimpse of the size of the extragalactic universe. Looking atte 
of the nebula. In distance estimates, Hubble noticed a definite pattern, namely. 
1929 Hubble greater the distance, the larger the redshift, implying there! 
expressed this greater speed of recession of the nebula. Hubble in 1929 expres 

pattern as a this pattern as a velocity-distance relation: 


velociiy-distance 


E V=Hxr 
relation. 


where V is the velocity ofa nebula andr its distance. The cons 
of proportionality, H, in the above relation is called Hi 
constant, and the relation Hubble’s law. 

It is clear from the above relation that 1/H has the dimensi"! 
time. Hubble’s own estimate of 1/H, of about 1.8 pillion 
turned out to be a gross underestimate, largely De f 
nebular distance estimates of the 1920's contained seve” 
systematic errors. The present estimates of 1/H are in the 


10 to 15 billion years. 
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The Expanding Universe 


The yelocity-distance relation which Hubble obtained originally 
from observations of eighteen nebulae has since been determined 
for a much larger number of galaxies out to distances more than 
several hundred times greater than those in his original sample. 
The phenomenon of the redshift and its relationship to distance 
appears to hold. So we have prima facie evidence that other galaxies 
appear to be rushing away from our own. Have we finally arrived, 
then, at a situation which singles out our location in the universe 
as a somewhat special one? 


No. A little reflection on the velocity-distance relation will assure 
us that there is nothing special about our location. Observers 
viewing the galactic population from another galaxy will find the 
same law as Hubble, with all galaxies rushing away from their own. 


The expanding 
universe exhibits 
iwo important 
properties: there 
cre no privileged 
positions and no 


preferred directions. 


Figure 2 The Expanding 
Universe: An anology ex- 
Pplaining this phenomenon is 
that of a balloon with dots 
G, G, ~ on it. As the balloon 
ls blown up the dots move 
away from one another. Each 
dot may ‘think’ that the oth- 
ers are receding from it. 


As we inflate the balloon, the dots G, G,, and G, on ifs surface move away from 
other. Yet, no dot can claim a privileged site on the spherical surface. 
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Weyl’s postulate To appreciate this remark, imagine the universe aş A a 
assumes that the structure, with galaxies occupying the lattice points, Suppo ii I 
large scale motion that the entire lattice expands. All points of the lanie f 
of typical units, the therefore move away from one another, with no particular p > f 
galaxies, is highly occupying a preferred position. This analogy helps us to ih 
streamlined. This the oft-repeated statement that the universe is expanding, j 
serves as a 
reasonable first The expanding universe exhibits two important properties: ther, 
approximation. is no privileged position, as we just mentioned, and no prefer 


direction. Observers brought blindfolded to any location cann 
on removing their blindfolds, tell where they are or in vty 
direction they are looking! Perfect democracy prevails in thy 
universe. This is the kind of symmetry that Aristotle woul 
have liked! But how does his modern counterpart inthy w 


retical cosmology deal with the question of modellingtk ji 
Figure 3 The Weyl Postu- 


universe? i 

late : A streamlined motion t 
of galaxies shown in (b) may i ; à 

be contrasted with chaotic Mathematical Models: Basic Assumptions I 

al 


motion in (a). The former 
permits us to identifyacos- The concept of an expanding universe can be quantified by uit 
mic time coordinatet. In (b) two simplifying assumptions. The first is the so called Wa 


the streamlines of motion ‘ : iol 

postulate which assumes that the large scale motion of typi 
cut orthogonally across sur- 
faces of constant cosmic 


time. 


. . . . . ic fi! 
units, the galaxies, is highly streamlined. Thus, there 18 

eee > : () 
randomness, no collisions in the way galaxies are supposed | 
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ve. AS we will see later, this idealized Situation does not 
mo ; 1% * 
faithfully represent the real universe but serves as a reasonable 
al 


first approximation. 


The Wey! postulate enables us to identify a unique time coordi- 
nate for the entire universe. Just as in a wide column of soldier 
marching in strict order, we can identify soldiers in the same row, 
so we can identify galaxies at the same cosmic epoch. This time‘? 
is called the cosmic time. 


The second assumption, known as the cosmological principle, states 
the symmetry referred to earlier. In scientific jargon we say that 
at any given cosmic time the universe is homogeneous and isotropic, 
which means that all locations in the universe have physically 
identical properties, and the universe looks the same in all direc- 
tions, when viewed from any location. 


In the next part of this series we will investigate the models that 
are based on these simplifying assumptions. 


A 


of understanding". 


5 


RES a aa 
ONANCE | February 19 


Pablo Picasso said ... "So how do you go about teaching something new? By mixing 
what they know with what they do not know. Then, when they see in fheir fog 
something they recognise, they think ‘Ah, | know that!’, And thenitis just one more step 
fo “Ah, | know the whole thing!’ And their mind thrusts forward into the unknown and 


they begin to recognise what they did not know before and they increase their powers 


SE Luria observes... lin A SfotMachine, A Broken Test Tube, An Autobiography): "The 
image of the impartial scientist uncommittedly weighing the various alternatives is a 
gross simplification. Scientists, like everyone else, have opinions and preferences in 
their work as in their lives. These preferences must not influence the interpretation of 
data, but they are definifely an influence on their choice of approaches. 


A 
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Life: Complexity and Diversity 


2. The Expanding Biosphere 
=$ | 


Madhav Gadgil is with the 
Centre for Ecological 
Sciences, Indian Institute 
of Science and Jawaharlal 
Nehru Centre for 
Advanced Scientific 
Research, Bangalore. 


His fascination for the 
diversity of life has 
prompted him to study a 
whole range of life forms 
from paper wasps to 
anchovies, mynas to 
elephants, goldenrods to 


bamboos. 


Figure 1 Living organisms 
are basically teams of mu- 
tually co-operating mol- 
ecules. 
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Early life on earth arose in an environment without oxygen 
In an atmosphere with increasing oxygen concentratig 
co-operation among teams of biomolecules led to the eme 
gence of multicellular organisms which overtime evolved 
give rise to higher plants and animals. 


Early Life 


Life expands continuously. It constantly draws in non-livių 
matter and energy and converts them into living matter. Livin 
creatures produce more and more living creatures like ther 
selves. The efficacy with which any living creature accomplish 
these two tasks depends on how good its team of proteins, nucli 
acids and lipids is at making more copies of itself and of ott 
associated molecules (Figure 1). The key to the quality of tt 
performance lies in the efficacy of the instructions resident intti 
nucleic acids,for assembling proteins and in turn a whole ranget 
other molecules. These instructions are passed largely jntact ites 
acell to its daughter cells, from one living creature to its offspiti 


Nucleic acids Membrone 


proteins ond tipids 


Cytopta Za 


Woter, S 2 
Aminoocids 


sugors,storch, . 
nucleotides, amino acids, 
ond phosphoric acid 


livin; 
ivi 
then: 
lishe 
uclekt 
othe 
f ths 
inthe 
nget 
thos 
piii 


— 


ipids 


ein 


They thus constitute the hereditary material or the genetic consti- 
tution of an organism. The better an organism’s hereditary abili- 
ties are tuned to its setting, the more effectively it converts non- 
living matter into more copies of its own self. This sets up a game 
in which organisms get ever better at adapting to and populating 
the world. This is what Darwin termed “survival of the fittest”. 
This process of natural selection has produced an ever greater 
number of organisms fitted to increasingly diverse environments 


for life. 


Organisms need resources of matter and energy to keep their 
molecular teams in good repair, and to replicate them. Three and 
a half billion years ago life probably originated in shallow warm 
seas out of a soup of organic molecules that had been produced 
through the action of a variety of non-biological agents on the 
early earth. As we have seen in the previous article (Resonance, 
1(1)), a few hundreds of simple building blocks make up the 
tremendous variety of living organisms on the earth today. Essen- 
tially the same form of basic instructions set down in the nucleic 
acids orchestrate the functions ofall the diverse forms of life. This 
strongly suggests that all life had a single, common origin. It is 
very likely that in the beginning there was just one simple kind of 
living organism. It lived in the soup of organic molecules in the 
warm, shallow primeval seas, making up the world’s earliest 
ecosystem and using the simple organic molecules in its environ- 
ment as raw materials to repair and replicate itself. The chemical 
bonds between carbon, hydrogen, oxygen, nitrogen and phospho- 
Tus in these molecules supplied the energy to sustain this activity. 
There was essentially no free oxygen in this early world. This 
Presumed early life may then be visualized as resembling anaero- 


bic bacteria living in the thick slurry of organic molecules in the 
bowels of a biogas plant. 


Over time, life has managed to invade almost every type of habitat 
$ a RN forever exrending the limits of the biosphere. Itis out 
It is ae Ocean and in the deepest trenches of the coos floor. 

ittle pools in the Antarctic ice cap and in the hot, 
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It is very likely that in 
the beginning there 
was just one simple 
kind of living 
organism. 
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sulphurous springs on land. It has come out of the san X 
land, colonizing not only the warm moist niches, but dai ; tł 
the driest of deserts and on cold mountain tops. It has taken to as 
as pollen grains of flowering plants and spiders with their a L 3s 
balloons; as flying lizards gliding from tree to tree and birds iin gi 
from the Arctic to the Antarctic. This of course has happene 2 
a slow pace over billions of years in small steps, with livin 
organisms progressing to habitats more and more different from 
their ancestral homes in the warm, shallow seas. 


New Ways of Life 


Living organisms have also taken to new ways of tappingr. h 
sources for, every organism must necessarily maintainaflowd sı 
energy and materials through its body to keep itself going. Thy e 
green plants absorb the sun’s rays and give out heat. Theirroos ci 
take in water which is lost through the leaves. The roots absorb d 
nitrogen, phosphorus, potassium and molybdenum, whichas = 
eventually returned to the earth with drying leaves and root 
Animals feed on other plants or animals, breathe in air and drink 
water. They excrete dung and urine and breathe out air. Withot € 


All living organisms 
must mainiain a 
flux of energy or 

energy rich matter 
ihrough their 


bodies. 3 eri À ie. 
exception, all living organisms must thus maintain a flux 0 


energy or energy rich matter through their bodies. 
Living organisms have been elaborating increasingly comps} 
ways of achieving this over their evolutionary history. The earl 
so for them thes 
organic molecules served at once as the source of matter # [ 
energy. They simply lapped up what had been formed throw 
physical processes over the first billion years of the history oft 
earth. Westill have certain bacteria and fungi that grow int 
wood or in corpses of animals, which follow this route. í 
decomposers take in preformed organic molecules available 
free in their surroundings. That was the only way in which i 
practised for a very long time, perhaps for the first billio? i | 
Over this period the supply of preformed energy rich °P y 
molecules must have begun to run low. In any cas 


est organisms were born in an organic soup; 


6 theret 
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the scene, new organisms that began to exploit an entirely new 
source of energy - sunlight. Amongst the earliest to do so were 
sulphur bacteria which use the energy of sunlight to split hydro- 
gen sulphide. The hydrogen atoms produced may then be com- 
bined with carbon dioxide to produce organic molecules that 
form the raw mater ial for the fabrication of living organisms. The 
early environments of the earth were relatively rich in hydrogen 
sulphide discharged from the then active volcanoes. But a far 
richer source of hydrogen is dihydrogen oxide - water. Breaking 
the hydrogen-oxygen bonds in water however requires more 
energy. This feat was achieved by cyanobacteria or bluegreen 
algae that appear to be descendants of sulphur bacteria. With the 
help of special pigments they learnt to use more energy-rich 
sunlight of shorter wavelength, to produce simple organic mol- 
ecules from the abundantly available molecules of water and 
carbon dioxide. In the process of making sugar from carbon 
dioxide and water, they produced oxygen, as do the green plants 
today (Figure 2). 


For the next billion or more years of evolutionary history there 
existed on earth simple bluegreen algae and bacterial decompos- 
ers. But now the environment on earth was being radically 
transformed. In the beginning there was little free oxygen, either 
in the air, or dissolved in the water. The early organisms were in 
fact adapted to exist in an oxygen-free environment. Since oxygen 
is a highly reactive element, it rapidly combines with organic 


molecules. This is after all what happens when wood or a candle 
SOx 


CoS 
SI) 


20 Sunlight 
2+ 2H, —"S' > 21CH, 0} + 25 +0, 


ac eee hf here 
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The early organisms 


were adapted to 
exist in an oxygen- 


free environment. 


Figure 2 Sulphur bacteria 
use sunlight to split hydro- 
gen sulphide ; cyanobact- 
eria use it to split water to 
synthesize simple carbo- 
hydrates. 
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burns. The machinery of early organisms could Not, ; 
tolerate free oxygen. But this did not keep bluegreen “io fa j 
are really bacteria) from splitting offoxygen from waterm a f 

E : 0 
and combining hydrogen atoms with carbon dioxide to “tts ab 
. T E 
sugars. So the concentration of oxygen in air and Be c 
: z Si: f T 
increasing. Living organisms had to somehow deal with th; a o 
situatio E ta 
n. 
The important c 
ability of using Quickening Pace z 
oxygen to speed a 
ya i N: 
up living To protect their molecules from combining too rapidly with 

processes was the i i i 
oxygen in the environment, bluegreen algae evolved specialstne to 
consequence ofa tures and enzymes. But as oxygen concentrations increaseda. dr 
DEN kind a other more attractive possibility was exploited; this was tow, m 
mutualism. ING oxygen to speed up the flux of energy through the bodies of living by 
was the formaton organisms. This is what most organisms, including humanbe p~ 

of a single ings, do today. We eat energy-rich food, breathe in oxygen 

organism out of the use the oxygen to release the energy trapped in food mi 

pacioc of two ecules, use this energy to maintain our machinery to gror 

different knds of and reproduce. But this ability to use oxygen to facilitat 

bacteria. energy fluxes came only after a long history ofa billion ant 


a half years of evolution. 


Cytoplasm | 


Figure 3 Cells of higher 
organisms, such as flower- 
ing plants are far more com- 
plex than the earlier sim- 
pler bacterial cells. They are 
believed to have arisen as 
co-operatives of several cells 
from different evolutionary 
lineages thatcame together 
to constitute the more com- 
plex entities. 


Endoplasmic reticulum 
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ed by the elaboration of co-operation amongst teams 
proteins, nucleic acids, lipids. The important new 
„bility ofusing oxygen to speed up prs processes was similarly 
„consequence ofanew kind of mutualism. This was the formation 
of a single organism out of a merger of two different kinds of 
pacteria (Figure 3). The partners in the merger probably related to 
each other as prey and predator. The prey bacterium may have 
been a tough organism - like Thermoplasma surviving the hot and 
acidic waters such as those of the hot springs of the Yellowstone 
National Park, USA. The predator may have been a bacterium 
that had the ability to use oxygen, like Bdellovibrio which attaches 
to and then enters its victim’s innards by rotating like a whirling 
drill. After they have used the material resources of their prey to 


Life originat 
of molecules - 


Figure 4 Presumed path- 
ways of evolution of the 


j ahs more complex cells that con- 
make their own proteins and nucleic acids, Bdellovibrio come out stitute the bodies of fungi, 
by rupturing the empty cellular bags of their ruined hosts. plants and animals. 


purple nonsulfur — 


other photosynthetic bacteria . 
` . cyonobacteria 
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unknown anoerobic procoryotic 
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itis now generally It appears that some descendants of such predators eval 
3 : ; $ Oly 
accepted that practice restraint. They contented themselves by conti edy ] 
in 
mitochondria must expendable waste products, such as oxygen, rather than the i the é 
. . ni i 
have been body of the victim. Thus may have evolved a relations) t | 
; J ip y~ 
independent, aerobic mutual advantage, with the former predators helping the ka ar 
: : 3 lge 
bacteria that have now rid of unwelcome oxygen. Inside the cells of higher plants 3 t 
} ; ; i 1 
become an integral animals, oxygen is used in organelles called mitochondria They l 
part of the mitochondria are wrapped inside their own membranes hay 1 
; ae ie > Nave 
confederation with-heir their own nucleic acids and divide independent of the Whole cel 
s : J í 
larger former victims It is now generally accepted that these mitochondria must hay k 
who provide the been independent, aerobic bacteria that have now become y i 
cytoplasm and the integral part of the confederation with their larger formeryictin, 7 
nucleus. who provide the cytoplasm and the nucleus (Figure 4). : 
Figure 5 Evolutionary tree z era : 
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Higher plants also have another kind gi organelle inside their 
cells — plastids which house the green pigments used in trapping 
light energy to split a molecule of water into hydrogen and 
oxygen. The plastids seem to be descendants of grass-green 
bacteria like the Prochloron. Prochloron is an enormous bacterium 
loaded with green pigments similar to those of higher plants. 
Today Prochloron coats the sedentary, lemon-shaped marine ani- 
mals called sea squirts, and possibly supplies them with some 
nutrients. Perhaps relatives of Prochloron were eaten by many 
kinds of bacteria. Some of the victims must have resisted diges- 
tion, and those that stayed alive, eventually evolved into plastids. 
Today this co-operative partnership has achieved tremendous 
success, with green plants being the most abundant form of life 
over most of the landmass (Figure 5). 


The ability to use oxygen greatly quickened the pace of life. This 
added yet another major way of life to the repertoire of living 
organisms. Some of the oxygen imbibing creatures could now 


actively feed on other organisms. So along with decomposers and 
photosynthesizers, the earth began to support organisms that 
grazed or preyed on others. 
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Perhaps relatives of 
Prochloron were 
eaten by many 
kinds of bacteria, 
Some of the victims 
must have resisted 
digestion, and 
those that stayed 
dlive, eventually 
evolved into 
plastids. 
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| Precaution in time of cholera epidemics ... "The Allahabad Pioneer Mailsays 

that an experimentis in progress in several of the larger gaols of the Punjab, which 
may have important results in the future. It has been one of the ordinary precau- 
tions in time of cholera epidemics to boil the drinking water supplied to prisoners. 
To ascertain whether it might not be advisable alwaysto boil the drinking water, the 
Lieutenant-Governor has ordered that a certain number of the prisoners should be 
given boiled, and an equal number unboiled, water the results being reported at 
the end of the year. If these are as expected, the reduction in the fever death-rate 
should be followed by a similar reduction in mortality from dysentery and diar- 


(first appeared in Nature, 12 September 1895.) 
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Geometry 


2. A Circle of Ideas 
u a aa 


Kapil H Paranjape 
i In this article the author addresses the origins of trigonon, 
ee Siete oo r etry and the idea of limits. The concept of ‘limit is crucia 
Mathematics, in the development of integral calculus, the subject whi l 
TIFR, Bombay, deals with the measurements of lengths, areas and Volum; 
Kapil H Paranjape is of general figures. What emerges is that the roots of trigo. 
currently with Indian 5 . ó i. 
Statistical Institute, nometry and integral calculus are already implicit in th 
Bangalore. early geometrical studies. 


In the previous article we looked at the origins of synthetic ani! 
analytic geometry. More practical minded people, the buildes 
and navigators, were studying two other aspects of geometry- 
trigonometry and integral calculus. These are actually algebric 
and analytic studies with the initial input cominginalefthandd z 


1 it is the right half of the brain — (right-brained! ) way. is 
that is supposed to do spatial ( 
thinking and control the left 
hand. This perhaps gives one 
explanation why so many left 
handers are good tennis players. 


Trigonometry F 
W 


Circle: The locus ofall points in a plane which are equidistant fron 


= 
[e] 


a given point. 


tł 
Quite independent of the rigours of Euclid’s synthetic geomet 

> 4 2 (y 
the geometry of the circle was extensively studied by travel n. 
and builders. The astronomers and navigators of ages past ‘ At 

take one look at the stars and figure out the time, date and i 
. . . i X 
2 Nowadays we rush to the location?. This circle of ideas revolves around studying E S 
i ; Ho c 

quartz watch instead— per- onacircle. There are, broadly speaking, two classes of metho 

haps because pollution has — fin : ; 7 an out thes? u 
E cebe esee gapointon thecircle. (Exercise: Quickly figure R 
Gras. before reading the next paragraph.) a 


: ; : i 
One class is the ‘constructible’ one, of which an exami fb 
follows: Choose a point P on the circle and a line! not cog 
d RE 


ebru 
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Figure 1 Rational para- 


gad E metrisation of the circle. 
yf 
= ae | i i \ } 
\ ie 
x peed. abe = : `g AT 
cial 
ich J 
Ne ae Figure 2 Unrolling the 
Igo OTTER circle, 
the / X 
v 

and! Syste a 3 in sh 
den ra O 5 g 
ry- 
yale 
di P Bach point Q of the line / uniquely fixes a point of the circle. This 

is the ‘other’ point R of intersection of the line PQ with the circle 

(see Figure 1). The other class involves unrolling the circle (see 

Figure 2); this can be done by angular parametrisation (Exercise: Quite independent 

why is this called angular?). In this method each point R of the of the rigours of 
mm) circle is represented by a collection of points of the form S + n.p Euclid’s synthetic 

$ on the line where S is some point on the line, p is the perimeter of geometry, the 

the circle and n is a natural number. (Here a + n.p denotes the geometry of the 
et). translation of the point a towards the left/right by the distance circle was 
snp.) extensively studied 
ot by travellers and 
p ie advantage of the first method is both practical and philo- builders. The 
k Sn the practical perspective, only that which can be ofen 
e| Unrollin T esaii from the philosophical perspectis the ee o oe 

atin ie of the circle is an operation which is onto the past could take one 

advantage setup (some work has to be done to prove this!). The look at the stars 
thee: of the second method is that it is intuitive and aes- and figure out the 
à Scit fully captures thes fthe circle which is broken time, date and 
i Y the Aaa, ymmetry o oi e : 

od. So how do we reconcile the two methods: location. 
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Construction of 
Regular Polygons 


While the circle is an end- 
less source of geometri- 
calideaswe now describe 
another historicallyimpor- 


tant problem—the con- 


struction of regular poly- 
gons. Let @, denote the 
angle subtended by the 
side of a regular -sided 
polygon at its centre. One 
can then show using the 
addition laws above that 
t, = ¢(6,) satisfies an 
equation of degree n- 1. 
Some number theory can 
be broughtin to show that 
this equation can be 


solved by a succession of 
square roots (of sums of 
squares) if and only if 
n=27q where q is a 
product of distinct Fermat 
primes. This gives Gauss’ 
famous theorem aboutthe 
constructibility of poly- 
gons. In particular, this 
shows that the 17-sided 
regular polygon is con- 
structible, a fact realised 
by Gauss at the age of 19! 


figure 3 The addition law. 


my 


To fix things we choose a point P of the circle and let the line | 
the tangent line to the circle at the anti-podal point O (ifd de 
the line joining P to the centre of the circle then / js the j 
through O which is perpendicular to d; see Figure 3), We iA g 
coordinates on the line so that O is the origin. Then Q in the i 
construction represents a number t. The unrolling proceduy 
assigns to each point of the circle other than P, a point S on lvi 
coordinate @ between -p/2 and p/2. The combination then aie 
us an assignment 9 (t) for every number t thought ofasa Pointo 
the line l; those who prefer the second method could also thinkof 
theassignment:(0). In order to realise the rotational symmetry i 
the constructive approach we must be able to find +, =19( J 
+ 6(t,)); in other words we must be able to express the combim. 
tion of two rotations (denoted by 6 (t,) and 6 (¢,)) in constructibk 
coordinates. The construction is sketched in Figure 3 and th 
formula is 


t = [4 + 6] / [4 - tt]. 


Itis an easy exercise in coordinate geometry to verify this (braw 
people may also attempt a proof using Euclidean geometry alone) 


The above formula summarises the essence of trigonometty. Ty 
put things in a more familiar setting we note that 
t (0) = 2 tan (6/2). 


4 
The above formula then becomes the familiar addition law fortí 
We note that the coordinates of the point (x) = (sin(®)- 
cos(@)) are expressed in terms of t = t(0) as 


(xy) = (40 /[P + 4), (2 - 4) / (2 + 4D) 


vary "i 
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Conversely, given (x,y) such that x? + y? = 1 we have 


t=2x/(1-y)=2(1 +y)/x 


In other words we can work interchangeably between thet coor- 
n o . . a 3 
dinate and the (x,y) coordinates for the circle. (Exercise: derive the 
in 7 
ddition law for sin and cos using the above formulae.) 
a 


In different parts of the world mathematicians came upon differ- 
ent versions of the above formulae (and gave us a seemingly 
endless series of school problems on trigonometry). A complete 
exposition was given in the works of Indian and Arab mathema- 
ticians, but it was left to de Moivre and Euler to put the finishing 
touches as we shall see later. 


This is the Limit 


Limit: (of a sequence) A point such that the points of the sequence 


eventually approach it to within any previously specified distance. 


Some of the Greek mathematicians were quite confused! For 
example, let us take an empty cup and put it under a tap. Assume 
that it is half full in a minute. It is then 3/4-th full in another half 
minute and 7/8-th full a quarter minute after that and so on. Will 
the cup ever be full? In other words , can the sequence {1/2, 
3/4, 7/8, 15/16,...} be said to become 1 in some sense? The problem 
here is clearly an abstract mathematical one—most thirsty people 
would grab the cup after some time! 


This enigma was resolved by that famous Greek mathematician 
Archimedes who introduced the axiom: Given a succession of 


Me A Jenn = 123, onder that A, is between A, 
que B for all n, There is a point C between A, and B for every n so that 
fD also has th 


e same property then D is between C and B (see Figure 
other words C is the limit of the sequence A) 


4). (In 
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In different parts of 
the world 
mathematicians 
came upon different 
versions of the 
trigonometric 
formulae. A complete 
exposition was given 
in the works of Indian 
and Arab 
mathematicians, 

but it was left to 

de Moivre and Euler 
to put the finishing 
touches. 
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Figure5 Filling outa circle. 


It has one of the basic properties of axioms in that it conforms to i 
picture of the world around us. However, it was unacceptable toa T 
number of Greek mathematicians since it asserted the existence ofa e 
point without giving a construction. We use it since it js quit tl 


essential to much of modern mathematics and its applications, tl 
Not every figure is With this axiom in hand we can try to find areas of figures and i 
measurable and volumes of solids, of varied shapes. The fundamental idea is tha 
non-measurable of approximation. We find a sequence of objects which we ca 1 
figures can behave measure exactly and which successively give better and beter & 
in strange ways. A approximations to the value we want (Figure 5). But this methoi sl 
ball can (in begs the question—how do we know that these values approx: & 
principle) be cut into mate the value we want? S 
three non- 
measurable pieces A number of different approaches to measurement were tried out T 
which when put till Lebesgue finally resolved the question at the beginning of ti a 
together in a century. He answered the question—what are all the figures thi! = g 
different way give a we can call measurable? We first look at all the exactly measurable ci 
ball of twice (constructively measurable) figures like polygons, within ity i 
the size! given figure F (see Figure 5). Let i(F) denote the smallest numb o 
greater than all of these measures. (The existence of suht s 


number is guaranteed by the axiom given above). Similarly, 
o(F) denote the largest number less than the measure ofall exatl 
measurable figures that enclose the given figure (see Figur? 6) el 
i(F) = o(F), then we say F is measurable. Lebesgue then E fi 
how this gives rise to a consistent theory of measurement: (E 


; art! 
cise: By this method try to find a good approximation to the 


: : ac 
of a circle. Show that it is good say up to the 2nd decimal ? ; 
oo 
A word of warning—not every figure is measurable ae (| : 
measurable figures can behave in strange ways. 4 ball 4 j 5 
principle) be cut into finitely many non-measurable pieces 
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when put together in a different way give a ball of twice the size! 
This is the so called ‘Banach-Tarski paradox’. However, it is not 
easy to sketch a non-measurable figure! It would seem thata figure 
that can be sketched is measurable. In fact there is a device called 
the pantograph which will give the area enclosed by a closed curve 
if we trace the curve. (Exercise: Re-invent this device!). So I 
cannot show you a picture of a non-measurable figure. 


This study of areas and volumes is today called measure theory 
and is a fundamental branch of analysis and probability theory. A 
slightly different and more geometric approach led to integral 
calculus as we shall see in a later article. 


Summary 


Trigonometry is summarised by the single formula that gives the 
addition law. All other identities in trigonometry follow from 
either this one (which summarizes the relation between the 
constructible co-ordinates and the intuitive one on the circle) or 
the relation between various different constructible coordinates 
on the circle. The main reason for the unending sequence of 
school exercises is to develop algebraic skills. 


Measurement of lengths, areas and volumes is not too difficult for 
ae types of figures (polygons, prisms, pyramids, 
figures to y use these figures to “fill up” more complicated 
that are ee them. To do this weneed to introduce numbers 
its of other numbers, in other words real numbers. 
Let us plunge ah 
Nates still valid 
nd out ifour ( 
Next instalme 


ead! Is the parallel axiom justified? Are coordi- 
without it? How can we perform experiments to 


Euclidean) intuition is correct? Await the exciting 
nt. 
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Figure 6 Enclosing a circle, 


The study of areas 
and volumes is 
today called 
measure theory and 
is a fundamental 
branch of analysis 
and probability 
theory. 
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Know Your Personal Computer 


2. The Personal Computer Hardware 


Siddhartha Kumar 
Ghoshal works with 
whatever goes on inside 
parallel computers. That 
includes hardware, system 
software, algorithms and 
applications. From his 
early childhood he has 
designed and built 


electronic gadgets. 


One of the most recent 


ones is a sixteen 
processor parallel 
computer with IBM PC 
motherboards. 


j 


Address for correspondence 
S K Ghoshal, 
Supercomputer Education 
and Research Centre, 
Indian Institute of Science, 
Bangalore 560 012, India. 


S K Ghoshal 


This article surveys personal computing with the IBN 
personal computer as a platform to discuss details of hard. 


ware. 
Introduction 


The personal computer (PC) is the most widespread and populy 
computer because it runs all kinds of applications. In fact, if the 
isan application package that does not havea PC variantitis wis! 
to not get familiar with it as its host may become obsolete andthe 
package not survive. PCs will take a long time to get obsolete, 
They only get smaller, cheaper and more powerful as the years gp 
by. Eventually, all the applications that people need will becom 
available on PCs. 


PCs can be connected to all types of peripherals and equipment. 
If any device does not interface with a personal computer, it ™y 
not be worth buying. In fact one should be sceptical of the devic 
because a PC has an open architecture for which peripherals 
easily developed. A device that does not plug into a PC does” 
live long. Such devices can be had from many vendors. The) 
become cheaper and more powerful with time as their technologi 
improves. 


PCs come in all sizes, prices and capabilities. Some are W 
machines with a huge, fast, primary memory and a large pack? 
disk which serves as secondary memory. Such PCs are capab“ ; 
running an interactive operating system that hundreds of : 
can simultaneously use over a network. The tiny 2 a 
barely larger than a pocket calculator in size, that run fo! ho Í 
a rechargeable battery are also widely used. The base archit 
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A truly open system 


AIlIBM PCs are compatible. Programs compiled in 
any one will run on any other. This is called portabil- 
ity. Almost any hardware component in the PC can 
be upgraded to a more powerful and modern 
variant and yet all the old programs run on the new 
system. This is called sca/ability. Old operating sys- 
tem, compilers and other system programs can be 


replaced with new ones without disturbing the way 


applications are run on the PC platform. This is 
called interoperability, These three Properties make 
the IBM PC an open system. You can buy and use it 
in peace for years, You can upgrade it whenever 
you need it and can afford it. PCs do not get obso- 
lete. Like a bicycle, all of it is never discarded. 
Components which are old are replaced with new 
and improved ones, 


and organization of system software remain the same across all of 
them and this is what we will study in this article and the ones to 


follow. 


Personal computers are a result of the tremendous advances made 
in very large scale integration (VLSI) design tools and implemen- 
tation technology. This had two effects. First, powerful micropro- 
cessors were made in small areas of silicon. Second, system 
integration techniques allowed printed circuit boards to be mass- 
produced, populated with the semiconductor components and 
tested, resulting in highly reliable systems which could be sold at 
a low price. This trend continues and personal computers keep 
getting smaller, more powerful and more affordable. People who 
write system software have realized that programs should be 
written in such a way that they can be used, understood and run 


Why IBM PC? 


PCs will take a long 
time to get obsolete. 
They only get 
smaller, cheaper 
and more powerful 
as the years go by. 


Personal computers are there because peoplewant 
them (particularly the types that do not consume 
ee electrical energy and don’t need air-condi- 
"oning and other types of protected environments) 


at s 
affordable prices and today’s technology can 
MQSs-produce ine 


A xpensive but reasonably power- 


l 
ones. Most of them work reliably without much 


maintenance. The developments in personal com- 
puters were inevitable but the reason that the IBM 
PC is so popular is that its architecture is open and 


its standards are well-defined and pubiished. There 
are therefore many vendors developing hardware 
for the PC and many billions of dollars worth of 
software runs on this platform. PES * 
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Often pioneers assign bad names to what they 
invent and repent later in life. Ken Thompson was 
asked what his first step would be ifhe were to write 
Unix (Unix is a trademark of Unix Systems Labora- 
tories) again. He replied: “I would call it create”. He 
was referring to the creat system callof Unix. Unix 
isthe most portable operating system today. That is 
System call is a request from a user's program to the 


operating system of a computer for a service such as 
creating a file, deleting a file etc. 


if | did it again 


| 
because Ken and others had designed the System | 
calls and other internals of Unix so well that i has i 
survived the test of time, has spread across Virtually | 
every computer system that exists today ang has | 
flourished among many different user communi. 
ties. Unix also runs on IBM PCs. We will discuss | 
Unix in subsequent articles in this series and | 
also look at the system call in Unix that creates | 
new files or rewrites old files. But we will haye 


to call it creat. | 
| 


on many different machines. Thus system software and their 


People who write 
system software 
have realized that 
programs should 
be written in such a 
way that they can 
be used, 
understood and run 
on many different 
machines. 


applications are more standardized than they were a few years ago, 
Both these trends are good for computing in general and persona 
computing in particular. 


However, while studying personal computers and the organiza 
tion of their system and application software, it must be bornein 
mind that many developments that took place had a historic 
reason and many more were idiosyncratic in nature. The external 
circumstances and individual mind-sets that led to these chang 
no longer exist. So if one had to do it today all over again, tit 


How they missed the opportunity 


lt could have been the DEC PC. If they had only 
listened to engineer David Ahl at Digital Equip- 
ment Corporation (DEC). In 1974, he proposed 
that the company produce an inexpensive ver- 
sion of its PDP-8 minicomputer and sell it to 
computer enthusiasts for $5000 a piece, at no 
loss for DEC (DEC and PDP are registered trade- 
marks of the Digital Equipment Corporation). 
Top managemeni shot down the idea. They 
thoughi that it would be foolish for an indi- 
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vidual to buy a computer. She would rather buy 
a dumb terminal that connected her to a powi 
erful mainframe. That was the trend in com 
puting those days. The VLSI revolution had us 
begun. Not many were aware of its potential 
Few believed personal computers could be 
sold to the masses. Had Ahl’s propose! a 
taken up, the PDP architecture would have plat 
the same role in the history of personal comput 


as the 8088/80386/80486 series from Intel: | 
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| ae ee 
| The First Personal Computer ee 
sm g. About 20 yg ago, on electronics hobbyists to hobbyists. Altair from MITS of Albuquerque, New 
las | were seriously interested in personal computers Mexico, USA is the first pe i gi i 
ally | and it existed only in the pages of magazines like sold in volume. | k a See i 
as | popular Elecironicsandin the laboratories of people Intel pe y; ha: Mmi. | 
ne who loved building them. Some companies sold youn bt ire eS | 
| . Era g man wrote a BASIC language interpreter for | 
Iss | kits (without power supply, keyboard and monitors) this machine. His name: Bill Gates. 
nd | ley SE e a N 
les | situation would be quite different. ? 
ve i 
| Wherever possible, I will try to explain why things were designed | i 
— the way they were and how they changed as technology evolved. |i 
their In the next section, we present an overview of the PC hardware. Paes Computing - i| 
a0, | {ii 
onal PC Hardware | ne Aaa 
One company that has ji 
The most important component in the IBM PC is the motherboard. | refused to follow IBM and | i| 
iza: It is a rectangular printed circuit board (PCB) which has the | hos created a niche for | Jf 
rein 80386/87 (2 chips) or 80486 CPU, the primary memory, the | selfisApple.Itsfounders, | | i 
toric controller chips that carry out operations such as direct memory | Steve Jobs and Steve i | 
nil access (DMA), interrupt handling and keeping track of the system Wozniakwere pioneers in | i 
nges ume. As system integration technology improves, keeping pace personal computing. They | 
, the created personal comput- i 
ag | Downsizing was hard to de those days orshelre mm ona g i 
game. Apple uses the 
Single board microcomputers grew more powerful, sold well and finally Motorola 68000/68020 | Í 
vy edged out the mainframes. Mainframes did not take advantage of the series of microprocessors i i 
W- VLSI revolution. They did not shrink their hardware in size and make their as their CPU. They are | H 
m- software more modular, tight and portable (this whole operation, done much easier to use than 
jsl y Smputer System designers is called downsizing these days). All IBM PCs, thanks to their 
ol aie and supercomputer vendors failed in this aspect. IBM, Data excellent icon-based 
! Ra Rare Data, Texas Instruments and Cray Research attempted graphical user interface. 
pen J iheir popular models but without much success. They some- Apple did not make its ar- 
ed cs Í pel understand the micros. Downsizing has been perfected by 
$ Fi Organizations by now, as system sofiware and applications must 
3 on the pc Platform, or else perish. 
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with advances made in VLSI technology, all these cont 
What is DMA? tolle 


chips get incorporated within complex VLSI chips calleq applic. 
tion specific integrated circuits (ASICs). A modern motherbay 
has only about 4-5 chips apart from the CPU. Therefore they 7 
consume less power and work more reliably than their ance 
They even cost less since ASICs can be mass produced, 


Copying data beiween 
memory devices (perticu- 
larly between primary and 
secondary memory de- 


vices) is an operation very 
The electrical signals produced by the CPU are weak and they 


cannot traverse long lines without getting severely attenuated So 


frequently used in a com- 


puter system. One can al- 


ways use the CPU itself to these signals are amplified (or buffered, in digital electronics 
copy data. But that would parlance) using special chips called transceivers (which can buffer 
be wasting the hardware in both directions and are used for data lines) and address latches 
resources of the CPU and (which can retain an useful address output by the CPU and can 
is also very slow. Thus ev- thus be used to wait for slow memory to respond to a fast CPU) i 
ery computer system has which are also present on the motherboard. In modem 
a number of channels by- motherboards there are many sequential digital finite state ma- 
passing the CPU, to di- chines (FSMs) which serve as an interface between CPU and 
rectlyaccess memory and memory and input/output (I/O) devices. They help the CPU work 
copy data. This mecha- with a high throughput while working with slow devices. Justas 
nism is called direct a power transformer with multiple secondary windings steps 
memory access or DMA. down 220V and supplies 12V, 5V, 3V etc at different ampere 
The channels are called ratings, the FSMs distribute the CPU’s memory bus into a num 
DMA channels. ber of specialized buses with different speeds and widths. Thus 


maximum throughput is obtained from the system anda uniform | 
view of the memory is projected to the CPU, even though itis f 
physically heterogeneous with different types of devices with 
various bus speeds and widths. One of these buses which ® 
relatively slow and only 8-bit wide, terminates on the motherboat! 
itselfand connects to an erasable programmable read-only memor 
(EPROM) device. This device has some programs that a! a 
while initializing the motherboard and other programs oe 
serve as a low-level operating system. These programs até oe 
tively called Basic Input Output System (BIOS). 


: è 
A high-speed 32-bit wide bus connects the CPU, throug? $ | 
cache controller FSM, to up to 512 Kilobytes of SRAM aa 
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A is BIOS Hardware or Software? | 


The originai IBM PC BIOS was a trademark of IBM. IBM also retains | 
copyright of that BIOS. Now BIOS is written and sold by many vendors. 
When you buy a motherboard, you get BIOS along with it, BIOS is closely 
| associated with the hardware and needs to be changed or augmented | 
ifthe hardware is changed in a major way. lt remains physically with the | 
hardware in that it is kept in EPROMs that are plugged into the 


motherboard. li does not have to be loaded from an external device 
every time tne compuier is turned on. Some people regard BIOS as part 
of the hardware. We however, take a middle path and denote BIOS by 


a term “firmware”, to designate that it is in between hardware and | 


software. 


memory that can be present on the motherboard. Yet another 
medium-speed 32-bit bus connects the CPU, through DRAM 
controllers, to banks of dynamic RAMs integrated as single in- 
line memory modules (SIMMs) which constitute the primary 
memory of the computing system. SIMMs are removable from the 
motherboard. Many other buses connect the CPU to different 


peripheral support and other controller chips that are present on 
the motherboard. 


A number of buses are brought out of the motherboard as edge- 
connectors. They are used to plug in add-on cards and extend the 
architecture, IBM PC supports the world’s largest variety of add- 
on cards available from a wide range of vendors at affordable 
Prices. The old and slow Industry Standard Architecture (ISA) bus 
which had two varieties 8-bitand 16-bit wide respectively, the 32- 
vit Extended Industry Standard Architecture (EISA) bus and the 32- 
P high-speed Peripheral Component Interconnect (PCI) bus are 
Some popular standard buses. A couple of these edge connectors 
An up by the graphics adapter and the hard disk controller. 
Pa et oe left free for the user to plug in adapters of his choice 

abitements. The motherboard has a DIN socket into which 


a5. i 
ore cable from the keyboard plugs in. It also has a polarized 
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Personal computers 


are a result of the 
tremendous 
advances rnade in 
very large scale 
integration (VLSI) 
design tools and 
implementation 
technology. This 
had two effects, 
First, powerful 
microprocessors 
were made in small 
areas of silicon. 
Second, system 
integration 
techniques allowed 
printed circuit 
boards to be mass- 
produced, 
populated with the 
semiconductor 
components and 
successfully tested 
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Figure 1 Photograph of an 
Intel iSBC386ATZ mother- 


board.. 


Figure 2 Floor-plan of the 
Intel iSBC386ATZ mother- 


board. 


Compatibility 


The first PC from IBM, re- 
leased in 1981, had an Intel 
8088 CPU working at 4.77 
MHz clock speed, in a 
motherboard which did 
nothave any FSM or cache 
memory and only had 8- 
bit ISA slots. Any program 
that ran on that platform, 
can run on any modern 
motherboard. It uses all 


the resources presentboth 
on the motherboard and 
across PCI or EISA buses, 
to deliver, on an average, 
more than 20 times the 


performance the original 
one did. 


| 
nolam | |e | 


4 
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power supply connector (so that one cannot connect it in revers 
and blow up all the hardware in the motherboard) to feed it power 
from a switched mode power supply (SMPS). Once the keyboart, 
power supply, disk adaptor with drives, graphics adaptor and 
monitors are connected, the PC is a complete computer ready t0 
switch on and be used. Figure 1 shows an old-generation 80386- 
based motherboard from Intel. Figure 2 depicts its floor-plan.U! | 
is the 80386 CPU. U2 is the 80387 numeric co-processor. U3 and 
U4are the DMA controllers. US and U6 are the interrupt coniro! 
lers. U7 is the programmable interval timer chip that helps Ke 
track of the system time and generates many other kinds of timit 
interrupts that are used by the system software. U8 and U9 
EPROMs that contain BIOS. U10, U11, Ul2 and U13 are prog 
mable array logic (PAL) chips that implement the different FS 
U14, U15, U16 and U17 are transceivers. J1, J2 and J3 a° i 
wide ISA slots. J4and J5 are8-bit wide ISA slots.JoandJ7#°% 
wide Intel’s own slots. (which never became very popular). j8 a 
bit wide ISA slot. J9 is the keyboard connector. J10, J11 and]! ii 
the SIMM module sockets. J13 is the power supply connectol 
the speaker connector. J15 is the key-lock connector. 


l- 
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The CPU accesses memory and exchanges data 
with input/ouiput devices using a set of wires called 
a bus. Each wire conveys a bit. If it is at +5Volt 
potential with respect to the ground line, then it 
represents a I. If it is less than 0.6V potential with 
respect to the ground, it conveys a 0. The number of 
lines in a bus is called its width (see Figure J. A 
number of ground lines are also run along with the 
signal lines in order to nullify any effect of difference 
of ground voltages at the two ends of a bus. The 
ground lines are not counted in the width ofthe bus, 
Ifa bus conveys the address sent out by a CPU, itis 
called an adaress bus. lit is unidirectional. Its direc- 
tion of signal flow is always from the CPU to the 
memory, and never the other way. If a bus carries 
data that is exchanged beiween the CPU and the 
memory, then it is called the data bus. Data buses 


What is a Bus? 


are bi-directional. A collection of data and address 


buses is simply called a bus. Figure 4shows a CPU 
accessing a memory with 222 bytes using an ad- 
dress bus thatis 32 bits wide and a data bus which 
is 8 bits li.e. one byte} wide. The READ, WRITE 
and WAIT lines are together called the control 
signals. Often power supply lines carrying many 
amperes of +5V, important control signals and 
other signal lines like clock and interrupt lines (lines 
by which devices can send signals fo the CPU) are 
included in a bus. Buses follow a specification that 
lays down the geometrical arrangement of the 
wires, the maximum permissible length, the moxi- 
mum number of devices that can be connected to 


it and other details. By common usage of the term, a 
Mbit wide bus means a complete bus, whose data- 
bus width is Mbits. Thus, Figure 3 shows a 4-bit bus, 


In subsequent articles we will learn more about the hardware and 
software of the IBM PC. Write to me if you want more information 
or have any questions or comments about this article. 


Figure3 A unidirectional bus of width 4. The four wires and the ground 

wire as shown in (a) form a bus; it is normally represented as in (b). The 

digit 4 above the/symbol indicates that the bus width is 4.and the arrow Figure 4 CPU accessing 
indicates that the bus carries signals from left to right. memory using a bus. 
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Learning Organic Chemistry 


Č — 


Through Natural Products 


2. Determination of Absolute Stereochemistry iy 


N R Krishnaswamy 
was initiated into the world 
of natural products by T R 

Seshadri at University of 
Delhi and has carried on 
the glorious traditions of 
his mentor. He has taught 
at Bangalore University, 


iH OOO 
N R Krishnaswamy 


Chemical methods to determine the conformations and 
absolute configurations of menthol, a cyclohexane deriy,, 
tive with 3 chiral centres, are described. 


Structures of organic compounds are usually determined Using 
data generated by chemical and instrumental methods. A chemiy 
then invariably attempts to confirm the proposed structure by 


Calicut University and synthesis. The above approach was described in the previous pan 
SF SIUC at of this series, using geraniol as an illustrative example. This 
Higher Learning. 


molecule had sufficient complexity to highlight the steps of the 
deductive process. However, geraniol lacks an important feature 
present in many organic compounds, in general, and in naturd 


Generations of students 
would vouch for the fact 
that he has the uncanny 


ability to present th , A ae 
y p 5 products, in particular. The molecular structure of geraniol is 

chemistry of natural F $ £ z E : 

producteloieallyiand superimposable on its mirror image and hence it is achiral. The 
with feeling, problem of structure determination has an added dimension 


molecules which are chiral. 
Though the ultimate method of 
determining the absolute ste- 
reo-chemistry of a compound 
is X-ray diffraction analysis, an 
organic chemist gets more sat- 
isfaction from a chemical ap- 
proach which also generates 
new chemistry. 


) 


Chirality or “handedness” of organic molecules usually arises ay 
to the tetrahedral geometry of tetra-coordinate carbon. If the fou 
substituents on a carbon atom in a molecule are different, 4 chit 
centre is present. In such molecules, there are two ways of arene 
ing the substituents leading to non-superimposable struct 
Theseare called enantiomorphs. In such chiral molecules, is 
enough to identify the bond connectivities of all the at0™® i 
also need to find out the precise stereo-chemical relation® : 
involving the substituents (or equivalently, the absolute conf 
ration at the chiral centre). 
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The problem becomes more complex if more chiral cen p 
present in the same molecule. For a molecule with n asy% 
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ntres, there are theoretically 2” possible stereo-isomers. In this 

ce 9 sare : 

rtofthe series, we will discuss how the absolute stereochemistry 
a j 4 i 

ah compound can be delineated using chemical methods, with 

0 


the help of an example containing multiple chiral centres, 


The example we have chosen addresses another interesting struc- 
tural problem. Molecules do not necessarily have rigid geome- 
tries. They can adopt many flexible ‘conformations’, In ring 
systems, Some conformations are especially preferred. The mole- 
cule we have chosen illustrates concepts associated with ring 
conformations as well as absolute configurations at chiral centres. 


Menthol - a Chiral Cyclohexane Derivative 


As our illustrative example we have chosen Menihol which is a 
monocyclic monoterpenoid alcohol. It is 2-isopropyl-5- 
methylcyclohexanol and has three chiral centres as shown in 
Scheme 1. Therefore, 2? or eight optically active stereoisomers of 
this structure are possible and are known. These are (+) and (-) 
menthol, (+) and (—) neomenthol, (+) and (-) isomenthol, and 
(+) and (-) isoneomenthol. Further, being cyclohexane deriva- 
tives, menthol and its stereoisomers also exhibit conformational 
isomerism. Thus, this example can illustrate the principles in- 


volved in conformational analysis as well as configurational 
assignments, 


The Problem is to assign the correct stereostructure to each of the 
eight isomers mentioned above. The first step would be to find out 
therelative configurations of the three asymmetric centres in each 
“nantiomorphic pair of the four diastereoisomers. Determination 
of the absolute configuration would then lead to a unique 


Ste ve i 
ll reostructure for eachande Ty optical 1S er oTe us À 
a i 
the Possible structures. 


Examination o 
Which form ap 
have the same 


f the structures shows that compounds 1 and 2 
air of enantiomorphs, are degenerate (that is they 
energy) and should represent the thermodynamt- 


Molecules do not 
necessarily have 
rigid geometries. 
They can adopt 
many flexible 
‘conformations’. 


(-] Menthol is a constituent of 
the peppermint oil which is the 
essential oil of Mentha piperita. 


Enantiomorphs do not differ in 
physical or chemical properties 
except in the sign of optical ro- 
tation, whereas diastereoiso- 
mers differ in physical and 
chemical properties. 
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Cyclohexane prefers the chair 
conformation and bulky sub- 
stituents opt for the equatorial 
position. 


An axial substituent may en- 
counter severe 1,3-diaxial 
steric and/or repulsive polar in- 
teractions thus causing a strain 
in the system. 


CHa 


CHa CH3 CH, 
Do HO 
OH HO 
1 2 3 4 š 
c cis of vole 
OH HO | 
5 8 7 B | 
CHa CH3 
| 
ei ; | 
z | 
PN Scheme 1 | 
| 
9 10 | 


cally most stable enantiomorphic pair among the four pairs of 
diastereoisomers. Incidentally, it should be noted that enantio- 
morphs do not differ in energy content whereas diastereoisomes 
do. Compounds 1 and 2 are thermodynamically the most stable 
because all the three substituents attached to the cyclohexane 
framework are equatorially oriented. Therefore, the strain dueto 
steric interactions between them, ifany, will be ata minimum. On 
the other hand, each axial substituent introduces a finite amoun 

of steric strain thus increasing the energy of the system: i 
structures 7 and 8, two of the substituents, namely the hydroxy! ? 
and the isopropyl groups are axially oriented and these shoul 
possess greater energy than 1 and 2. 

An idea of the free energy contents and therefore, relative therm? 
dynamic stabilities is given by the differences in boiling pois” 
densities and refractive indices of the different stereo-isom™ 
the energy content decreases, that is as the stability increas 
boiling point, density and refractive index decrease. An E A 
relationshipcorrelatingthermodynamicstability with these? a 
cal properties is known as thevon Auwers-Skita rule. A comp i 
of the physical properties of the four pairs of diastereo 


iv i j 
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hows that the two enantiomorphic forms of menthol are the most 
S ne OF 4 

table and, therefore, these can be assigned the structures land 2. 
s 


Menthol and neomenthol both yield, on oxidation, the same 
ketone, menthone (9). Similarly, isomenthol and neoisomenthol 
give isomenthone (10). Hence, menthol and neomenthol are 
epimers differing in configuration only at carbon-1. Since we 
have already assigned structures 1 and 2 to the two enantiomor- 
phic forms of menthol on the basis of von Auwers-Skita rules, 
neomenthol can be given structures 3 and 4. In these structures 
the hydroxyl group takes an axial orientation. By using conforma- 
tional methods of analysis, Eliel was able to confirm these struc- 
tural assignments as explained below. 


Equatorial cyclohexanols undergo acylation more readily than 
the corresponding axial isomers. In contrast, the axial isomers can 
be oxidised at a faster rate than their equatorial isomers, both 
yielding the same ketone. These observations can be explained on 
the basis of relative differences in the energies of the transition 
states. In the acylation reaction, the transition state for the axial 
alcohol experiences an increase in steric strain due to an increase 
in the size of the axial substituent. In the transition state of the 
equatorial isomer, on the other hand, the increase in the size of the 
substituent does not cause any appreciable increase in stericstrain 
as the group is oriented away from the ring. The situation is just 
the reverse in the oxidation reaction wherein a sp? carbon gets 
converted into a sp” carbon. This leads to a flattening of that part 
of the ring system and with that any axial-axial repulsion disap- 
Pears. Thus, in the case of the axial alcohol, there is a decrease in 
steric strain in the transition state as the oxygen atom of the 
hydroxy] group leans away from its original vertical position to 
finally fall into the plane of the ring in the product ketone. In the 
ea net acoperea ie in ses ed 
yi group is already, more 0 ’ 


t 
© Plane of the ring. These changes are pictorially shown 
m Scheme Be 
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Every reaction has to go through 
a transition state {t.s.) and the 
height of the energy barrier 
separating the reactant and the 
t.s. controls the rate of the re- 
action. 
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The E2 reaction is a one-step 
concerted process; no reactive 
intermediates are involved. 


a HH H HR 

H i R-COC1 a 
H oH oeei 
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Scheme 2 
t.a 
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Now, it is known that the rates of acylation of the isomeric 
menthols follow the order: menthol > isomenthol > 
neoisomenthol > neomenthol. Therefore, in menthol and 
isomenthol, the hydroxyl group should be equatorially orient 
whereas in neomenthol and neoisomenthol it takes an axil 
position. This is supported by the observation that neomentho! Í 
and neoisomenthol undergo oxidation at faster rates than met 
thol and isomenthol respectively. 


Scheme 3 depicts another approach to the same problem: mi 
based on differences in the rates of base-catalysed E2 elimin 
of HCl from menthy] chloride 11 and neomenthyl chloride i 
this reaction, neomenthyl chloride reacts 200 times faste! i 
menthyl chloride. The E2 rèaction is a concerted reaction ™ ioe 
the E1. The two leaving groups, hydrogen as proton and chlo 


w 
re ; pultas 
as chloride ion, should be anti- to each other for simul 


0 
: 5 : sme ass 
expulsion so that the reaction path follows a straight line 


in the Scheme. This can be compared to shooti® 


g a 


Scheme 3 


——__________] 


through a tree forming a straight hole in the trunk of the tree. An 
anti- arrangement of the hydrogen and chlorine is seen only in 12. 
On the other hand, 11 must first undergo a conformational change 
into the energetically less favourable conformer 13 where the 
chlorine is now axially oriented before it can undergo the E2 
reaction. That is why 12 reacts several times faster than 11. 
Another consequence of the stereochemical differences between 
12 and 13 is that in 13 only one anti-elimination is possible 
resulting in the exclusive formation of menth-2-ene (14) whereas 
two possibilities exist in 12 which gives a mixture of 14 and the 
isomeric menth-3-ene (15); the latter is the major product as it is 
thermodynamically more stable than 14. The formationof 15 asthe 
Major product can be predicted on the basis of the Saytzeff rule. 


Ms final Problem is the determination of the absolute stereo- 
=e ck ©) menthol. As mentioned earlier, this compound 
ing to ae. Structure 1 or 2. The configurations in 1, accord- 
has the ome Tule, are 1R, 2S and 3S. Isomer 2, accordingly, 
Yields (-) a 2R, 3R configuration. On oxidation, (—) menthol 
Mined usin = as whose absolute stereochemistry cn be deter- 
the relation, bi octant rule. This semi-empirical rule is based on 
OPtical I 9 between the sign of the Cotton effect in te 

°ry dispersion spectrum and absolute configuration 
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The change of I into 13 involves 
ring flipping where one chair 
form gets converted into an al- 
ternative chair. This is a confor- 
mational change with the con- 
figurations remaining unaf- 
fected. 


The sequence rule formulated 
by Cahn, Ingold and Prelogis a 
method of designation of con- 
figurations which is not linked 
to an arbitrary reference com- 
pound like the earlier D,L no- 
menclature. 
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The ORD phenomenon is the ofa chiral cyclohexanone. Since (-) menthone shows a(+) Con 
increase in opticalrotationwith effect, it should have the absolute stereochemistry fa 3 
decrease in wavelength of the Therefore, (-) menthol should have the structure ] a i 
noon ee cino. menthol the structure 2. (+)Neomenthol can be asignedstngy Ls 


tive compound has a chro- : 
mophore like the carbonyl! 3 as (-) menthol and (+) neomenthol both yield the same Ketone 


group near one or more asym- (—) menthone, on oxidation. Therefore, (—) neomenthol js 4 
metric centres its ORD spectrum 


will show the Cotton effect. f 
A similar approach can be used to elucidate the absolut 


stereochemistry of the remaining isomers 5-8. 


Suggested Reading 
D Nasipuri. Stereochemistry of Organic Compounds - Principles and Appli. | 
cations (Second Edition). Wiley-Eastern. 1994. 


Lesson from a mining accident... Atthe beginning ofthe 18th century mining 


F | 


BI 


ah accidents due to broken elevator chains became more frequent. Many schol- | f 
ars including the famous Gottfried Wilhelm Leibniz, tried to improve the iron í 
I 


chains, but without success. Finally a senior mining adviser, W Albert (who was 
a lawyer by training), came up with the idea of replacing the chains with wire l 
ropes or cables. This made it possible to exploit one of the most important I 
properties of iron — its high tensile strength. (from Quanfum, September- 
October 1995) 2 


A tragic mix-up ... John Tyndall, a famous British physicist of the 19th century, 


could have been among the first to understand the perils of the greenhouse 


2) 


effect. But, alas, that was notto be. One wintry morning in 1893 his young wife 
Louise gave him a giant dose of chloral instead of the normal big dose of 
magnesia for his indigestion. Tyndall swallowed the dose and remarked that | 
it tasted sweet. “John, | gave you chloral!", Louise told him. “Yes, MY poor | 
darling", Tyndall told her, "you have killed your John". He was dead before 
sundown. (from Next Hundred Years by J Weiner). 
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Artificial Neural Networks 


A Brief Introduction 


—$——$— 


Jitendra R Raol and Sunilkumar § Mankame 


Artificial neural networks are ‘biologically’ inspired net- 
works. They have the ability to learn from empirical data/ 
information. They find use in computer science and control 


engineering fields. 


In recent years artificial neural networks (ANNs) have fascinated 
scientists and engineers all over the world. They have the ability 
to learn and recall - the main functions of the (human) brain. A 
major reason for this fascination is that ANNs are ‘biologically’ 
inspired. They have the apparent ability to imitate the brain’s 
activity to make decisions and draw conclusions when presented 
with complex and noisy information. However there are vast 
differences between biological neural networks (BNNs) of the 
brain and ANNs. 


A thorough understanding of biologically derived NNs requires 
knowledge from other sciences: biology, mathematics and artifi- 
cial intelligence. However to understand the basics of ANNs, a 
knowledge of neurobiology is not necessary. Yet, it is a good idea 
to understand how ANNs have been derived from real biological 
neural systems (see Figures 1,2 and the accompanying boxes). The 
“oma of the cell body receives inputs from other neurons via 
adap tive synaptic connections to the dendrites and when a neuron 
'Sexcited, the nerve impulses from the soma are transmitted along 
“taxon to the Synapses of other neurons. The artificial neurons 
men POD cells, processing elements g node; ee 
Neurons atc the structure and function of biological (real) 
Laelia neural models are loosely based on a 
Systems ig es understanding of the behaviour of real neuron 
Ot rea] ade is The point is that only a part of the behaviou 
ns is necessary for their information capacity. Also, 
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input <—dendrites | 
signals ee | 
dendritic spine ; P | 
Y STE Snapo n + axons i | 
is possible p e} t ; 
u =e BS. | 
soma t summation u 
synapses soma threshold t 


axon T 


Biological Neuron 


(weights) 


Model of Artificial Neuron 


Figure? Biologicalandar- 
tificial neuron models have 
certain features in common. 
Weights in ANN model/rep- 
resent synapses of BNN. 


Artificial neural 
networks have the 
apparent ability to 
imitate the brain's 

activity to make 
decisions and draw 
conclusions when 
presented with 
complex and noisy 
information. 


Biological Neuron System 


© Dendrites input branching tree of fibres - connect to a set of other 
neurons-receptive surfaces for input signals 

@ Somacellbody-allthe logical functions ofthe neurons are realised 
here 

® Synapse specialized contacts on a neuron - interfaces some axons 
to the spines of the input dendrites - can increase/dampen the 
neuron excitation 

@ Axon nerve fibre - final output channel - signals converted info 


nerve pulses (spikes) to target cells 


Artificial Neuron System 


@ Input layer the layer of nodes for data entering an ANN ? 

@ Hidden layer the layer between input and output layers 

@ Output layer the layer of nodes that produce the networks output 
responses 

@ Weights strength or the (gain) value of the connection between 


nodes ed 


ae s , tbe 
It 1s easier to implement/simulate simplified models rathet 
complex ones. 


- sed Ù 
The first model of an elementary neuron was outline i 
McCulloch and Pitts in 1943. Their model included the ele go! 


u 
needed to perform necessary computations, but they ° 
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Signal/Information ------ > flow othe oa | 


input 


input layer| hidden Eye output layer 


Feed Forward Neural Network 


Non-linear activation’ f’ 


T realise the model using the bulky vacuum tubes of that era. Figure2 Atypical artificial ` 
| McCulloch and Pitts must nevertheless be regarded as the pio- neural network. {feed for- | 
er | neers in the field of neural networks. ward) does not usually have | 
| feedback - flow of signa ` 
| A h } : Information is only In the | 
aa | ANNs are designed to realise very specific computational tasks/ forward direction. A multi- ` 
problems. They are highly interconnected, parallel computa- layer feed forward neural 
n tional structures with many relatively simple individual process- network (FFNN] is shown 
he ing elements (Figure 2). A biological neuron either excites or here. The non-linear char- 
| inhibits all neurons to which it is connected, whereas in ANNs 2%eristics of ANNs are due 
: : Mp oe 3 T to the non-linear activation 
i either excitatory os inhibitory neural connections are possible. function t. This is useful for 
There are many kinds of neurons in BNNs, whereas in ANNs only eaud modelling of non- 
— certain types are used. It is possible to implement and study linear systems.. ; 
various ANN architectures using simulations on a personal com- E 
puter (PC). Characteristics of i 
| non-linear systems i 
i Types of ANNs In non-linear systems, the bi 
nl output variables do not 1 
There are mainly two types of ANNs: feed forward neural net- | depend on the input vari- j 
eh Works (FFNNs) and recurrent neural networks(RNNs).InFFNN | ables in a linear manner. i 
ao there are no feedback loops. The flow of signals/information is The dynamic characteris- F 


tics of the system itself 
would depend on either 
one or more of the follow- 
ing: amplitude ofthe input 


= in the forward direction. The behaviour of FFNN does not 
the Sasad on past input. The network responds only to its present 
s put. In RNN there are feedback loops (essentially FFNN with 
Utput fed back to input). Different types of neural network 


a . . 4 waye K 
di ‘chitectures are briefly described next. aks ae we 3 i 
ø frequency. This is not so in Í 
p e S linear system. 
joi Mele-layer feed forward networks: It has only one layer of | thecaseofa 


a ays ee ee 

ai R ens se i a — i 
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Figure 3 Recurrent neural 
network has feedback loops 
with output fed back fo in- 
put. 


The first model of an 
elemeniary neuron 
was ouilined by 
McCulloch and Pitts 
in 1943. The model 
included the 
elements to perform 
necessary 
computations , but 
they could not 
realise the model 
using the bulky 
vacuum tubes of 
that era. McCulloch 
and Pitts must 
nevertheless be 
regarded as the 


pioneers in the 
field of neural 
networks. 


computational nodes. It is a feed forward network since it does no 
have any feedback. 


© Multi-layer feed forward networks: It is a feed forward network 
with one or more hidden layers. The source nodes in the input 


layer supply inputs to the neurons of the first hidden layer. The | 


outputs of the first hidden layer neurons are applied as inputs to 
the neurons of the second hidden layer and so on (Figure 2). If 
every node in each layer of the network is connected to every other 
node in the adjacent forward layer, then the network is called fully 
connected. If however some of the links are missing, the network 
is said to be partially connected. Recall is instantaneous in this 
type of network (we will discuss this later in the section on the 
uses of ANNs). These networks can be used to realise complet 
input/output mappings. 


e Recurrent neural networks: A recurrent neural network is one il 
which there is at least one feedback loop. There are different kinds 
of recurrent networks depending on the way in which the fet: 
back is used. In a typical case it has a single layer of neurons with 
each neuron feeding its output signal back to the inputs of? 
other neurons. Other kinds of recurrent networks may Hav? ee 
feedback loops and also hidden neurons (Figure 3). 


: ork 
@ Lattice networks: A lattice network is a feed forward netw 
; t 
with the output neurons arranged in rows and columns: f 


p 
a $ 7 : : imensi? 
have one-dimensional, two-dimensional or higher dim A 


; 5 e 
arrays of neurons with a corresponding set of source no 


pruaty iy 
CC-0. In Public Domain. Gurukul Kangri Collection, HaridwaRESONANCE pre 


i Digitized by Arya SafMSih6 Badation eae and eGangotri 


| 

| Input layer 
| of source 

| nodes 

| 


One Dimensional 


La = 


supply the input signals to the array. A one-dimensional network Figure 4 Lattice networks 
of three neurons fed from a layer of three source nodes andatwo- are FFNNs with output nev- 
dimensional lattice of 2-by-2 neurons fed from a layer of two 9 arranged in rows and 
columns. The one-dimen- | 
sional network of three nev- 
rons shown here is fed fram 
a layer of three source 
There are also other types of ANNs: Kohonen nets, adaptive nodes. The two-dimensional 
resonance theory (ART) network, radial basis function (RBF) /attice is fed from a layer of 


source nodes are shown in Figure 4. Each source node is connected 
to every neuron in the lattice network. 


network, etc., which we will not consider now. Wo SOUT Ea Tiare A 
Training an ANN 1 
A learning scheme for updating a neuron’s connections (weights) | i 
was proposed by Donald Hebb in 1949. A new powerful learning 
law called the Widrow-Hoff learning rule was developed by Bernard i 
Widrow and Marcian Hoffin 1960. i 


How does an ANN achieve ‘what it achieves’? In general, an ANN 
Structure is trained with known samples of data. As an example, 
Ba particular pattern is to be recognised, then the ANN is first t 
trained with the known pattern/information (in the form of | 


digital signals). Then the ANN is ready to recognise a similar ANNS gre use = E 

Pattern when it is presented to the network. If an ANN is trained pie n eee f 

With a character ‘H’ , then it must be able to recognise this R pi Eo 

eo when some noisy/fuzzy H is presented to it. A Japanese iten a E 

E sa recognition (OCR) system has an accuracy of akda 

carte : es recognising characters from thirteen fonts used to cited oleae F 
N. The network learns (updates its weights) from the 4 
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How does an ANN given data while trying to minimise some cost function ii 
achieve ‘what it ‘error between the training set data (output) and its own oii 
achieves’? In This learning is accomplished by the popular back-propagaie 
general, an ANN (BPN) algorithm, which is slow n convergence. It is q ee € 
structure is trained method in which an output error Is reflected to the hidden lye 
with known (for updating the hidden layer weights). In essence, the numeric 
samples of data. values of the weights (strengths of synapses; see the box and Pigu 
For example, if a 2) of the network are updated using some rule of the type; 


particular pattern is 
to be recognised, | new weights = old (previous) weights + learning rate times gradien) 


then the ANN is first of the cost function (with respect to the weights). 


| 
trained with the 


known patiern/ Once the ANN is trained, the ‘learned information’ is captured in 
information lin the these weights in a condensed (and yet complex) way. In genera, 
form of digital these weights have no direct physical significance or meaning 

signals). Then the related to the process or phenomenon which is described or 

ANN is ready to modelled by the ANN. However, the overall function of the ANN 
recognise a similar is relevant to a given task/application. 

pattern when if is 
presented io Although the basic processing element is simple, when severala! 
the network. them are connected (and also needed in many applications), te 


size of an ANN could be very large in terms of the number af 
neurons (hundreds) in a given layer. A maximum of one hidden 
layer is often sufficient for many tasks, to attain the required 
accuracy. The larger the ANN, the more time it takes to train te ? 
network. Despite the simplicity of the basic units, the mathematt 
cal theory to study and analyse the various structures and schem 


based on ANNs and their (non-linear) behaviour can be "°? 
involved. 


Uses of ANNs 

The ANNs are used for pattern recognition, image proces 
signal processing/prediction, adaptive control and other t 7 e 
problems. Due to the use of non-linear activation function a i 
ANNs are highly suitable for very accurate mapping (no 
of non-linear systems based on the input/output data. mii 


q 
i 
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he linear activation function is also useful in reducing the adverse 
in ae ey ed 5 

ffect of outliers/spikes in data, and in improving the accuracy of 

‘ obtained by RNN (see the box). 


M estimates 
V 

tS Some of the uses of ANNs (FFNNs and RNNs) are Briefly 
al mentioned here: 


Information storage/recall - The recall is a process of decoding 


i the previously stored information by the network. 

T ə Pattern recognition/classification - to recognise a specific 

| pattern from a cluster of data/ to classify sets of data/informa- 
R tion. 
in ə Non-linear mapping between high-dimensional spaces (math- 
adl, ematical modelling of non-linear behaviour of systems). 
ng | e Time-series prediction (like weather forecasting), modelling 
or of non-linear aerodynamic phenomena, detection of faults/ 
IN failures in systems like power plants and aircraft sensors. 


Some of the specific applications (based on open literature)/ 
lof possibilities are: 


the 

‘of ® Assisting IC-CIM (computer integrated manufacturing of 
fen integrated circuits). 

red © Japanese-OCR (optical character recognition). 

te > © Financial forecasting (the Neuro-Forecasting Centre in 


atl London). 


18 ® Process control (Fujitsu Ltd., Kawasaki, Japan). 
ey ® Analysis of medical tests. 
@ 


Target tracking and recognition (multi-sensor data fusion). 


ae © field of artificial intelligence, we have heard of expert 

ms (ES). In essence an ES is a software-based system that 

n$ escribes the behaviour of (human) experts in some field by 
ied “Pturing/collecting the knowledge in the form of rules and 
3 i mule fuzzy or noisy data is given to an ES, it might give 
: ae “nSwers. Since the ANN-based system can be trained with 
os" me fuzzy or noisy data, the combination of ES and ANN 
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RNNs are Specially suit- 
able for estimation of pa- | 
rameters of dynamic sys- 
tems in an explicit way. 
The RNN-based schemes 
for parameter estimation 
have been shown (by the 
first author) to be the 
generalisation of some of 
the conventional param- 
eter estimation methods. 
These methods are useful 
for estimation of param- 
eters of dynamic systems 
in explicit ways, e.g. math- 
ematical modelling of air- 
craft dynamics. When 
realised in hardware, the 
RNN architectures are 
such that they are natu- 
rally adapted to obtain fast 
solutions to parameter es- 
timation problems {de- 
pending on the speed of 
the basic processing 
hardware elements). 
RNNs are thus specially 
suited for arriving at non- 
linear state space models 
of dynamic systems. 


| 
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The days of neural (hybrid) might be very useful to devise powerful systems called 
network- based expert networks (ENS). 
(parallel) computers 
may not be too far Concluding Remarks L 
off. Thus brain to 
bread By now it must be clear that in ANNs physiological or chemie 
(industrial processes play no role. ANNs can be called massively parallel 
applications) neural adaptive filters/circuits (MAPAFS). They are more like electrical 
computers will electronic (EE) circuits with some useful adaptive properties, jh 
gradually become fact ANNs can be realised using EE hardware components, With 
a reality. very large scale integration (VLSI) technology, it might be fea. 


sible to fabricate microelectronic networks of high complexity for 
solving many optimisation and control problems using artificial 
neural networks. The days of neural network- based (parallel) 
computers may not be too far off. Thus brain to bread (-industrial 
applications) neural computers will gradually becomea reality. As 
of now the field is fascinating, sometimes intriguing, and offers 
great challenges and promises to scientists and engineers. 
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— 
[A] The origin of ideas ... ideas come when stepping onto a bus (Poincaré), 
= attending the theatre (Wiener), walking up a mountain (Littlewood), sitting atthe 
shore (Aleksandrov), or walking in the rain (Littlewood), but only after a long 


struggle of intensive work. {from 7he Mathematical Intelligencer 1712), 1999)- 
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| On Randomness and Probability 


How To Mathematically Model Uncertain Events 


Rajeeva L Karandikar 


I Whether random phenomena exist in nature or not, it is 
| useful to think of the notion of randomness as a mathemati- 
i cal model for a phenomenon whose outcome is uncertain. 
3 Such a model can be obtained by exploiting the observation 
h that, in many phenomena, even though the outcome in any 
l: given instance is uncertain, collectively there is a pattern. j 
I An axiomatic development of such a model is given below. Rajeeva Karandikar 
! Itis also shown that in such a set-up an interpretation of the is with Indian Statistical 


; ; probability of ap event can be provided using the ‘Law of mate 
Large Numbers’. Indian Statistical Institute | | 
Y in 1982. His research 7 
5 What is randomness? Do random phenomena exist outside of ‘ee a | 
casinos and gambling houses? How does one interpreta statement filtering thesey: | | 
+ like "there is a 30 per cent chance of rain tonight" — a statement we B, | 
often hear on the news? | 
i 7 
Such questions arise in the mind of every student when she/he is $ 
taught probability as part of mathematics. Many students who go fi 
| on to study probability and statistics in college do not find h 
f satisfactory answers to these questions. Those who did not (and £ 
Some of those who did) study probability as part of their curricu- | 
lum are generally sceptical when it comes to the notions of k 
Probability and randomness. But many of them still rely on these i 
$ notions — like physicists when it comes to statistical mechanics p 
| and quantum theory and engineers when it comes to communi- a 
Cations, design of reliable systems and so on. How does one i 
Let us look at th i i henomenon? eee: es 
one Seen question: What is a ndoa p Bni fend sialepesaikio $ 
R oe at the outcome of a toss oi acoinisa oe ee there is a ner: $. i 
| at ifon nown whether the coin will come upi Er ceni chance of rain 
J Were to write down all the parameters involved, like tonight’? 


= 
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Some accept that 
the outcome of a 
coin toss is random 
since it cannot be 
predicted. But if one 
were to write down 
all fhe parameters 
involved, then if is 
conceivable that the 
exact path of the 
coin can be 
described by 
equations of 

motion. And if one 
can solve these 
equations, the 
outcome is 
deterministic, 

not random. 


Think of the notion 

of randomness as a 
mathematical 

a model for evenis 
i] whose ouicome is 
not completely 

| specified. 
| 
| 


ai 
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the exact force applied, the point where the force is aa i 
wind velocity, the density of air, ... then it is conceivabļe ther i 
exact behaviour of the coin can be described by equation e 
motion; and if one is able to solve them, the outcome a i h 
determined. Thus it can be argued that the outcome is dea 

nistic, not random. We may not be able to determine jt cay 


though! 


The above argument prompts us to think: Are we calling fan 
events random out of sheer ignorance? 


Randomness as a Model for Uncertainty 


One view which is not open to such criticism is to think of the , 
notion of randomness as a mathematical model for events whose 
outcome, even in principle, is not completely specified. Immedi- 
ately two questions arise. How can we model an event if its 
outcome is uncertain? And why should we model such events? 


Let us look at the second question first. One can think of many 
situations where we have to make decisions under uncertainty. 
We need to take a train at 6.30 pm at the railway station and wè 
need to decide when to start from home — we know that it maj 
take anywhere between 30 minutes and 1 hour depending 01 the $ 
traffic; in any case before we start we don’t know exactly how long 
it will take. Consider another situation: A drug company I 
come out with a drug which it claims is better than chloroquit 
for the treatment of malaria, and the government agency needs” 
decide whether to allow the company to sell the drug in o 
market. No one can say with certainty which medicine is mo 
effective and what side effects the medicine may have. Thisis™ 
case with most medicines. Take another situation which all of" 
face or have faced in the past: at the end of a school ye 
teacher needs to decide which students deserve to be promot? 
the next class — it is not feasible for the teacher t0 ask 
student to do everything that has been taught in the class: 
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‘ccept the solution in this ee because we grew up with it: the 
reacher chooses some questions related to the material that has 
peen taught during the year; and based on the answers to these 
chosen questions, the decision is made. Everyone knows that the 
final marks obtained by a student depend on the questions that 
are asked. It is possible that a question paper set by another 
teacher will yield a very different result. Yet, the marks obtained 
still give an indication of what the student has learned. We believe 
that it is extremely unlikely that a student who has got the highest 
marks in a test will fail the test if the paper were set by another 
teacher. One last example — the government wants to decide if 
enough foodgrains will be produced in the country this year or 
whether there will be a shortfall (in which case it has to import). 
In this case, as the data on food production will be available only 
after the harvest, when it may be too late to import, the govern- 
ment needs to estimate the foodgrain production and make a 
decision in time. The cost of an error in this case is very high for 
the country as we know from recent experience. 


We can think of many more situations where we have to make 
decisions when we do not have complete information — may be 
because the event is a future event, or our understanding of the 
underlying phenomenon is incomplete, or it is too expensive to 
gather the information. Thus, if we can mathematically model the 
uncertainty, it may help us in decision-making. 


Now let us examine the other question. How can we model 
` 5 j ; $ 
a events mathematically? Over the centuries, mankind 
as ; : : 
observed Many phenomena in which the outcome in any 


iven i : 5 : 
: A Instance is uncertain, but collectively the outcomes con- 
orms to a pattern. 


ee of this is: Though, to start with, one could not tell 
of births fi unborn child would bea boy ora girl, the total number 
Male eis a town over a year showed a pattern — the number of 

ren and female children were approximately the same. 


RESON | 
A s 
NCE | February 1996 sis iad 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


One can think of 
many situations 
where we have to 
make decisions 
based on incornplete 
information, 

So if we can 
mathematically 
model the 
uncertainty, it Hi! 
may help us in 
decision-making. 


Over the centuries, 

mankind has 

observed many ; 
phenomena where a 
the outcome in any 

given instance is 

uncertain; but 

collectively it 

conforms to a 

pattern. We cannot 

say whether a 

particular unborn 

baby will be a boy or 

a girl, but the number 

of male and female 

children born 

worldwide is always 

almost the same. 
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And this was observed in different towns, across the contine 
The situation has changed marginally. Today, by me da 
itcan be determined a few months before birth if the unborn chil 
is a boy or a girl; but even today, there is no deterministic mode > 
which can tell us the sex of an unborn child at the momento 


testy, 


conception. 


The next example is from physics — about radioactive sub. 
stances. It is known that certain substances like radium and 
uranium spontaneously emit particles like alpha and beta parti: 
cles and/or electromagnetic radiation like gamma rays. This phe- 
nomenon is called ’radioactive decay’. This happens because 


We seem to know some of the nuclei (i.e. radioactive nuclei) of such substances are 
exactly what will unstable. It is also observed that the rate of this decay is propor. 
happen if we have tional to the number of radioactive nuclei present in the sub- 
a gram of stance, and does not depend on other factors such as the shape of 
radioactive the substance and other physical conditions of the environment. 
material. Yet there In fact it has been observed that the number of radioactive nuclei 
is no deterministic present in a sample of a radioactive substance is reduced to half 
model at the atomic the initial number in a fixed length of time. This time is called 
level to predict the halflife. We seem to know exactly what will happen if we have, 
when a specified say, 1 gram of radioactive material. Yet there is no (deterministic) 
atom will model at the atomic level for determining when a specified atom 
disintegrate. will disintegrate. 


Similar is the case with the kinetic theory of gases. It deals with 
the collective behaviour of gas molecules, but there is n0 deter: 
ministic model for the behaviour of an individual gas molecule 
There are many such instances in physics. 


The Mode] 


Let us assign to an uncertain event a number betwee? 9 ai | 
which we call its probability of occurrence with the understan® 

that higher the number, the higher is the chance thatit will oo | 
Also, let us postulate that the certain event (i.e. an event thar 


a 
ebruai iy 
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i happen) has probability 1 ay the null event (i.e. an 

ent that will never occur) has probability 0. We also postulate 
o if two events cannot occur simultaneously (such events are 
called mutually exclusive), then the probability that one of the 
two events will occur is the sum of their respective probabilities. 


Let us consider experiments that can result only in one of count- 
ably many outcomes (finite or infinite) — we exclude, for now, 
experiments which can result in one of uncountably many out- 
comes. Let us represent the outcomes as wœ; and let 


Q = 01, 02, 03, `- ,ON 
if the total number of outcomes is N <œ or 
Q = W1, W2, 03, ~*~ On, = 


if the total number of outcomes is countably infinite. 


Subsets of Q are called events. We say that the event A has 
occurred if the experiment results in an outcome we A. A 
probability allocation for this experiment is given by areal-valued 
function P defined on the set of all subsets of © such that 


0<P(A)<1 VA cQ. 

Further, if A,B are mutually exclusive (i.e. A ^ B = 9), then 
P(A UB) = P(A) + P(B). (1) 

Let pj be the probability of occurrence of the event wi; ie. 

Pi= P (wi). Then the postulates stated above imply that : 

l i> 0 Vi 

Oan 

Loic Q 
3. 
RODA O 
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An infinite set can be count- 
able: e.g. the set {1, 2, ... n, ...} 
or uncountable : e.g. the set of 


all points on the unit interval 
(0, 1). 


The probability of 
occurrence of an 
event is a number 
between 0 and 1. 
The higher the 
number, the higher 
is the chance that 
the event will occur. 


a E t 
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Thus once we choose pi = P( i); the probabilities of aq even 
Ac are determined. How does one go about choosing p; P 


Well, this is where the modelling aspect comes into the Picture. $ 
The pi’s of the probability model should reflect all the inform, 
tion we have on the phenomenon or should at least be g close 
approximation of the same. We will begin with the simples 
situation and draw conclusions in this case. We will get a 
interpretation for the numerical value of the assigned probability 
of an event and this in turn will help us in modelling mor 
complicated phenomena. 


Let us now consider the situation where Q is a finite set with 
Q = %1, 02, 3,---,@N, and where given all the information 


The probability about the phenomenon, we have reason to believe that all out 


model used should 
reflect all the 


comes are equally likely. In this case, the appropriate choice of 
probabilities is 


information i 
available on the P(œi)= N Vie Q. 
phenomenon. 


This is clearly the case when there is an inherent symmetry in the 
phenomenon; for example, most of us will agree that "the chante 
that the first child born in a given nursing home the next day's 
a boy” is the same as "the chance that the child will be a girl". Thus 
the events %1 =the child is a boy and the event «2 = the child isagil 


are equally likely, and we can model the probabilities for this 
experiment as 


1 
OS o P(@2)==> 


Similarly, if we are told that a family has 3 children but W° a 
no further information, we are justified in postulating that 

i 8 possibilities GGG, GGB, GBG, GBB, BGG, BGB, BBG, 
are equally likely and hence the probability of each of ne oe 
is 14, This is based on the observation that knowing that 
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4 hild is a girl (or a boy) does not give any information about the 
C 


sex of the next child. 


Ie Let us look at the following experiment. Consider an urn con- 
12: taining 12 balls of the same size and weight, numbered 1 to 12. 
ise Suppose that the balls with numbers 1, 2 and 3 are red balls, and 
est the rest are blue. If the balls in the urn are mixed well and one 
an pall out of them is drawn without looking at the colour/number, 
ity then the 12 events (that the ball with number i on it is drawn, 
Ore | <i< 12 ) can be modelled as equally likely — each with prob- 


ability 142. As a result the probability that the ball so drawn is 
red is 1⁄4, Now even if the balls are not numbered, but the urn 


ith contains 3 red and 9 blue balls, then the probability of drawing a car 
on red ball is still 1⁄4, Thus even if the balls are not numbered, we ifa gien 
ut- can always pretend that they are numbered. experiment can 


result in V equally 
likely outcomes and 
a given event 
occurs in Mout of M 
outcomes, then its 


We can thus draw the following conclusion: ifa given experiment 


can result in N outcomes, and based on all the information that 
we have on the phenomenon, they seem to be equally likely, and 
if a given event occurs in M out of the N outcomes, then its 


probability 

the probability (corresponding to the model that the N outcomes are Tce 
nce equally likely) is My, Note that we are not adopting this as a coh banoe 
vi gonition but as a model for the phenomenon. If another person to be M/N. 
i has more information on the experiment, his model, i.e. alloca- 
gil ton of probabilities, could be quite different. 
his 

Now let us Consider two urns, both like the one considered above. 

The experiment consists of drawing one ball from each of the 

urns. This time, all the 12x 12 = 144 outcomes are equally likely. 

Spn these, 3 x 3 = 9 outcomes determine the event that both 

the balls drawn are red, and hence its probability is %44 = Mie. 
n Note that this is equal to the product of the probabilities of the 
A } i the first ball is red and of the event that the second ball 

3 ` “ere we are in a situation where the two events are 
ce endent — i.e, the occurrence or otherwise of the first event does 
firs! Not ch 


a ` a E: 
nge our perception of the second event. In such a situation, the 


ws ee Gale 
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If iwo events are 
independent, ihe 
occurrence or 
otherwise of the first 
event does not 
change our 
perception of the 
second event. The 
probability that both 
events occur can 
therefore be taken 
fo be the product of 
the individual 
probabilities of the 
two events. 
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events are said to be independent and the probability thath 
0 

events occur can be taken to be the product of the two even 

This is avery important notion and very useful in mode] buildi . 
G 


Consider two experiments, 
| ; ' PEDE 


I®, 1) c N, and suppose that we have a model for each of then 


namely 
Piot) =p” and Pio) =p” : 
The set of possible outcomes for the joint experiment is 
a=, a?) sie LY, je 1), 


If the experiments are such that the outcome of one has no bearing 
on the outcome of the other, then it is reasonable to model the 
joint experiment as follows : 


( i] 2 
Pal, of) = pl) pl”. 


Similarly, if we have a model for each of finitely many expel! 
ments and if these experiments are independent of each othe, 
then we can construct a model for the experiment which consis’ | 
of performing all these experiments together. 


Now we are in a position to provide an interpretation for t 
probability of an event related to an experiment. We shall p 
that if this experiment can be repeated again and again uh 
pendently) then the limit of the proportion of occurrences oft 
event is exactly its probability. 


Law of Large Numbers 


Let us now fix a set of outcomes, Q =mi: tE Jj, a 
i#jwhereI = {1, 2,3, ...,N} orl = {1, 2,3, -- No) 


‘Also it | 
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ù ys fixan assignment of probabilities for subsets of ©, Recall that 
i such an assignment is determined by 


iB pi = Poi) 


and then for any event A, 


P(A)=} pi . 
1:0;¢€ A } 
M, 4 
A function X from Q into R is called a random variable. We think l 
of X as follows : X represents a certain numerical characteristic l 
of the outcome of the experiment, and after the experiment is 
conducted we get to observe the function X at the outcome (we 
may or may not actually observe the outcome). 
: A random vari 
Let X be a random variable and let f be a function from the real Be E 
J . . . In 
ing line into itself. We denote by f(X) the random variable given by (measurable) ai 
the «oti E 
PEOL N characteristic of the p 
outcome of the po 


Also, let R(X) denote the range of X i.e. R(X) = {x€ R: there experiment. 

exists œ € Q with X(w) = x}. For a subset A of R, we will write q 
fi XeA for the set {w;: X(w;) €A}. When A = {x} we will also 
1e write X =x for X e A. The function x > P(X = x) is called the 
ist | distribution of X. It is easy to check that 


P(X e A) = X P(X=x). 


a SE " 


i xeA 
jo A 
de tandom variable X is said to be bounded if there exists a finite 
is constant K such that | | 
PK <X<K)=1. | 
Fi i 
arene random variable X, we define its expected value i 
: { 
‘fot | 
; E(X) =X X(@i) pi. (2) 
tel] 
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Expectation and 
Variance 


Ooo 


E(X) 


Think of the expected 
value as the centre ofgrav- 
ity of the probability distri- 
bution. Imagine placing 
mass P({X=x}) at the 
point x (for each x) on a 
beam; the balance point 
of the beam is the ex- 
pected value of x. 


The variance of a prob- 
ability distribution indi- 
cates how dispersed the 
distribution is about its 
centre of gravity or how 
spread out on the aver- 


age are the values of the 
random variable aboutits 


expected value. 
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aon call 
E(X) represents the quantity we expect to observe on the avera 
if we repeat the experiment (independently) a large number i 
times. Hence the name expected value. A justification of the State. 
ment made above is given towards the end of this article, 


Let us observe that for a random variable X, 


E(X) = > x P(X =x). 
xe R(X) 


To see this, let Ax = (Œi: X(@i) = x. Then 


E(X)= J X(i) pi 


tel 


Sa, <2, Pio) 


xE R(X) M, E Ax 


Dr x P({iX =x). 
xe R(X) 


For a bounded random variable X such that E(|X| 2) < co, letus 
define the variance of X by 


Var(X) = E(X—p)? 


where u = E(X). f 


Let us note that for a positive random variable Y, 
ry, P(Y =y) 
ye R(Y):y2À 


È IPY =y) 
ye R(Y):y zÀ 


> yPdy=y) 
ye R(Y) 
E(Y), | 


APY > X) = 


< 


F 


< 
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and asa consequence, one has (for positive random variables Y) 


Saou 
P(Y2A) < 1 E(Y). (4 


Using this for Y =(X- w? (where u=£(X)), one has 


P({ |X -w| 22) < È Var(X). (5 
t 


This inequality is known as Chebychev’s inequality. 


Independence 


We say that two events A, B are independent if 


Chebychev’s 
P(A ^ B) = P(A) P(B). Inequality gives a 
bound on the 
A collection of random variables X1,X2,:--,Xn is said to be a probability of the 
; collection of independent random variables if tails ofa 


ay | | l distribution. 
PCO j1% = xj) = PHX = x1)) P(\X2 = x2)) --- P(Xn=xn) ; 


for all x; € R(Xj): 1 <j <n. 


Lemma 1: Let X,Y be independent random variables. Let f, g be 
bounded functions on the real line. Then 


E( f (X) g (¥)) = E(f (X)) Elg (X). 


P F; 5 ee 
Doa : First consider the case when both f, g are positive func- 
ons. Then it can be checked that 


EFO) = E fee) P(X=4¥=9). 
xe R(X), y€ R(Y) 


Using į 
28 independence of X,Y, it follows that 
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BFK) = Z fee OPCX =x), Ply syy 
xe R(X), ye R(Y) 


The required identity now follows from this. 


Theorem 2: Let X,Y be bounded independent random variables 
Then 


Var (X+Y) = Var (X) + Var (Y). 
Proof : Let = E(X), v=E(¥Y), U=X-p,V=Y-v.It is easy to 


see that Var(X) = Var (U), Var(Y) = Var (V), Var(X + Y)= 
Var (U + V). Also, E(U) = E (V) = 0. Thus 


The essential 
content of the Weak 
Law of Large 


i t if 
Numbers is that i Var(U + V) = E((U + VÈ) 
our experiment can } 


be repeated again = E(U?) + E(V °) + 2 E(UV) 
and again, 
independently, then = Var(U) + Var(V) 
the limit of the 
proportion of where we have used the previous lemma in deducing that 
occurrences of this E(UV) = 0. The required result now follows from this. 
event is exactly its 
* probability! Weare now ina position to prove the Weak Law of Large Number. 


Theorem 3: Let X1, X2,---,Xn--- be a sequence of bounded 
random variables such that for each n, X1, X2, ---»Xn is a col- 


lection of independent random variables and such that for alli 
1, R(Xi) = R(X) and 


PHX: = x}) = P({X1 =x}) Vx e R(X). 
There is also the Strong Law of 
large Numbers which deals n 
_with a different and actually Let u = E(X}) and let Zp = al 5 Xi. Then for all £ > 0, 
stronger mode of convergence n ; 
` of Z,, the proof of which is, 
| however, beyond the scope of A i 
4 MN 
| this article. lim PHZ- u] > e) = 0. 
Í n — co | 
4 i 


i 
i 
3 
i 


i=] 


| 
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g Theorem 2, it follows that 


proof : Usin l 4 
ijë | 1 
Var (Zn) = ~> 42, Var (Xi)| 1 
3 n E Í i i 
I 
l i 
SE Var (X1) 
n 
l 
= — Var (X1) 
n 4 
; S i 
Now using the inequality 5, we obtain for e >0 uggested Reading 
eas W Feller. An Introduction | 
P(|Zn-w|>e) < 5 ~ Var (X1). to Probability Theory | 
ere and Its Applications. | 
i Vol. 1. (Third Edition). 
The required conclusion follows from this. Wiley-Eastern, New 
Delhi. 1985. a 
å aa PG Hoel, SCP q 
Interpretation of Probability of an Event si a er a ‘ 
Probability Theory. l 
Let us consider an experiment with the space of outcomes Universal Book Stall, j 
\ ; š a New Delhi. 1991. 
Q=!;: | ojos =f: 
(Wj a I and with assignment of probabilities P( w;')=p;. ETE E 
(Here, I is either equal to 1,2,---,N} or is the set of natural Probability Theory and 
numbers.)Let us fix an event A (i.e. a subset of Q) with P(A) = 0. Stochastic een E 


Narosa Publishing ' 
L ; House, New Delhi. ui 
“tus consider repeating the experiment n times, in such a way 1978. 


that the outcome of the previous trials has no influence on the 


next trial. This time the set of outcomes of this repeated experi- | 
ment can be taken to be 


n } . 
Q! = (Mi, Wig, Wiz `- , Oin) 211,12, rsin EL. 


Since 
__-e We have assumed that the experiments have been performed 


ind . . 
secpeently of each other, we are justified in assigning the 
Probabilities as follows: 


Pilon Oiz Mig, -- +, Wi,))) = pi Pin `° Die 


ANCE | 
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The statement that 
“there is a 30 per 
cent chance of rain 
tonight” simply 
means that under a 
given weather 
forecasting 
probability model, 
the probability of 
the event that it will 
rain tonight is 0.3. 
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Let us define random variables X1, X2, --- Xn as follows. i 
Xil(Oip Oiz Qiz ` ** > in)) = 1A (%;) 

where 14 denotes the indicator function of the set A i.e, ] Aw) 5 >. 

if œi c A and la(wi) =0 if wi ¢ A. Then it follows tha 

X1, X2,... Xn satisfy the conditions of Theorem 3 with 

E(X)) = 9. It thus follows that given € > 0, ņ > 0, we can choose 


no such that for n > no, one has 
Pah + X24 --- + Xn) -0| >€) < 7. 


Let us note that (X1 + X2+ --- + Xn)/n is the proportion of the 
times the event A occurred in the n independent repetitions of 
the experiment. We have seen above that for large n, this observed 
proportion is close to the probability of A. 


This gives us an interpretation of P(A). Similarly, we can get an 
interpretation for E(X)—namely, if we repeat the experimenta 
large number of times and compute the average of the observed 
values of X, then, with a high probability, this average is close to 
the expected value E(X) of X. 


Let us briefly return to the question posed at the beginning of the 
article: how does one interpret a statement like there is a 30 pero 
chance of rain tonight? | 
From some theoretical reasoning and some observational di 
weather forecasters (and other forecasters) usually have prot 
ability models for forecasting. The above statement simply meat 
that under such a model, the probability of the event that it W! 
rain tonight is 0.3. 


[Al Niels Bohr said ... "It is difficult to predict, especialy 


about the future". 
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What’s New in Computers 
The CD-ROM 
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Tista eS OR aga ale Lae ee aa ar eRe sense | 


th Vijnan Shastri 

th This article describes the CD-ROM; information storage 

x and retrieval, cost and new applications for the future, 
Introduction 


You have probably heard of the compact disc read-only memory 


the (CD-ROM) and wondered if it related to the compact disc (CD) 
of that is widely used in music systems. You’re right - it is related. 
ed But how is it used in computers? Is it identical to the CD-audio ? 


What are its advantages? If it is memory then how much can it 
store? In the following paragraphs this article answers these and 


an other questions about the CD-ROM and its use as a storage l 
ta medium for data. | 
ed 

t0 The CD-ROM, like the CD-audio disc, is made of polycarbonate 


and is 5.25 inches in diameter. Both have a spiral track moving 
outward from the centre to the periphery where data is digitized 


the and stored. In the case of CD-audio, it is only sound which is F 
en digitized and stored whereas in the CD-ROM itis data. This data £ 
t can be text, still pictures (digitized) or video data (also digitized), f 
audio or a combination of all of them. Digitization of data is the ; } 
at, key factor in Storing them; which is done as files (unlike CD- The design ae ; 
ob: audio). Such a file System is needed to organize, store and access format of the ite | 
ans the data. The design and format of the file system on a CD- age ENG | 
vill ROM has been standardized by the International Stan- CD-ROM i noes 
dards Organization and is known as the 1S09660 file sys- standare by the 
tem standards. international 
Standards 
Pits and Lands Organization and is 
known as the 


The diost: 
of e data (which means that the data isencoded in terms 1509650 file system 
end 05) is stored as ‘pits’ and ‘lands’ at the bottom surface of standards. 
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The digitized dota | the CD-ROM platter (See Figure 1). The lands reflect 


the li 

(which means that from the laser beam and the pits scatter the beam. The optica] Re 

the data is encoded consists of a complex arrangement of lenses, prisms ang photo, 
in terms of diodes (to detect the light reflections). The optical head arrange 3 

1s and Os} is stored ment is the same in both the CD-audio and CD-ROM drives, Th 

as ‘pits’ and ‘lands’ transition from land to pit or pit to land is coded as ‘1’ and the lack 

at the bottom of transition is coded as ‘0’. The diameter of the laser beam (red 

surface of the laser) is about 670 nano meters. The spiral track is 0.6 Micrometer 

CD-ROM platter. wide with a width of 1 micrometer between spirals. As can be seen 


in the figure, the layered covering ensures that the life of the CD. 
ROM is about 100 years (provided it is not badly damaged), The 
data encoding incorporates a lot of error detection coding (ED¢ 


Spiral Tracks 


laser beam 


J 


ee 
~~ 


Reflective layer 


Protective Layer 


Transparent layer | i 


Figure 1 CD-ROM sche- Laser beam 
matic. 


aad i 
19% 
70 RESONANCE | februa 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Į 


f 
5 

ii 

| 

i 

f 


_— FEATU I 
Digitized by Arya Samaj Foundation CARRAL LEa eGangotri 


derror correction coding (ECC) such that even if there are dust 
an 
rticles or minor scratches, the data can be read off the disc as if 
pa 


these didn’t exist. 
The CLV scheme 


The CD-ROM is itself mounted on a ‘turn table’ that is driven by 
a DC servo motor. The important point to note here is that the 
density of data stored (i.e., of pits and lands per unit length) is 
constant throughout the spiral. This implies that in order to 
obtain a constant read -out rate the disk must rotate faster for the 
tracks near the centre and slower at the outer tracks so as to 
maintain a constant linear velocity (CLV) between the head and 
the CD-ROM platter. This is in contrast to magnetic discs which 
are of the constant angular velocity (CAV) type. In that case the 
density of data varies: it is more near the centreand less as the head 
moves outward (again to maintain a constant read -out rate). 
Research has shown that one can store about twice as much in a 
CLV type of scheme as compared to a CAV scheme. How much is 
this data? It is totally 660 Mbytes! This means that about 200,000 
pages of the type which you are now reading can be stored onaCD- 
ROM. The optical head moves radially and the servo motor must 
re-adjust the rotational speed every time the head moves. The 
optical head must ‘lock’ onto the correct part of the spiral once it 
has moved. Thus the motor control system is a complex one since 
it has to also respond quickly. 


Speed of CD-ROM drives 


The success of the CD-audio paved the way for the usage of the 
eo in the computer industry for archival Storage. Thus 
the A 1992, the CD-audio drive and the CD-ROM drive had 
a ce electronics (and optics) and hence had the Se 
Ta sae ese were galled single-speed drives. Their speed varied 
Outer a 300 rpm in the inner tracks to about 500 rpm on the 
second S- These drives retrieved data at about 150 kbytes/ 

, Subsequently these single speed drives (although widely 
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About 200,000 
pages of the 
type which you are 
now reading can 
be stored on a 
CD-ROM, 


In this multimedia 
age we need high 
speed CD-ROM 

drives to playback 


————<<<x—  ..}}} ~~ 


it is not just the 
data storage 
capacity of 
CD-ROMs that is 
important. This 
capacity, coupled 
with the ability of 
powerful retrieval 
software running on 
desktop machines 
makes the CD-ROM 
an extremely 
powerful data 
storage medium 


The cost of 
‘mastering’ 
(manufacturing) 

a CD is now well 
below a dollar. One 
pays for the dafa on 
the platier, 

not for the platier 
itself! 


used) gave way to double-speed (300 kbytes per second) 
speed (600 kbytes per second) and now 6X speed (900 kb. 
second) drives. These retrieval rates are not required for m 
information. But in this multimedia age with information an 


sisting of moving pictures and sound, these data rates are tl : 
Te 


to playback video smoothly, without jerky movements, 
Applications of CD-ROM 


Initially CD-ROMs were used for archival storage of text informs. 
tion and text databases. It must be realized that it is not jUst the 
data storage capacity of CD-ROMs that is important. This capac. 
ity, coupled with the ability of powerful retrieval software running y 
desktop machines makes it an extremely powerful data storage medium, 
Nowadays they have become popular as distribution media for * 
software as the size of software becomes unwieldy for storage on 
floppies. However, multimedia capability of desktop PCs has 
meant that the CD-ROM is the medium of choice to store mult: 
media data and has spawned a whole gamut of applications. These 
include multimedia encyclopaedias, multimedia magazines (which 
the user receives monthly), education aids, and of course multi- 
media-interactive games. The latter has been enormously sut- 
cessful and is partly responsible for bringing the computer 00! 
large scale into homes of large numbers of people who would not 
otherwise have bought one. 


How much does it cost? 


Due to improved manufacturing and mass production concept 
the cost of‘mastering’ (manufacturing) a CD is well below a dolla 
One pays not for the CD-ROM platter but for the data on th 
platter. Recently, availability of small equipment enabling ™ 
production of CD-ROMs without a complex manufacturing ay 
has brought CD-ROM -based publishing to the desks ofa S 
number of medium and small publishers. This is made pe 
with the availability of the write-once read-only memory is 
discs. The only difference between the CD-ROM and wo 
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ROMs need to be mastered in a manufacturing process | 


- CD-ROM ca ioe 
z pA WORM discs can be written (albeit only once) like | ia a wiv. 
ly magnetic discs. about 
L 4 3 gigabytes by mid i 
d future of the CD-ROM 1997. So a user | 
wanting to learn i 
The CD-ROM has proliferated Beles become an integral part of about the history į 
storage hardware, operating in conjunction with magnetic discs, of Indian temples 
and tapes. The use of more than one layer on a single platter and will not only be able 
a. the development of the blue laser (with a wavelength of 430 nano to read the history, | 
he meters) will mean that CD-ROM capacities will increase to about but also see images í 
c 3 gigabytes by mid 1997. This storage capacity will mean that it of the temples and l 
mn will be possible to store entire full-length movies (at high resolu- hear historians talk f 
n, tion) on a single CD-ROM and this will naturally spur a host of about them | 
or new applications — especially in the consumer market. With the ' 
ji development of efficient archiving software, libraries of the future i 
a will store most of the information on CD-ROM (hopefully help- 
j- ing to save a bit of paper). Users will be able to quickly search, 1 
se retrieve and perhaps download information they need on their 
jil local computers. Remember that this information will in- : 
i- clude not only text but also sound and moving images. A phar 2 i 
© user wanting to learn about the history of the temples of a 
4 India will not Only be able to read the history, but he/she Design Technology, a 
ot will also be able to see images of these temples and hear Indian jinsittute of Science; J 


Bangalore 560 012, India. 


j historians talk about them. 


Francis Crick wrote ... (in What Mad Pursuit): "Had Jim (Watson) and | 


i not succeeded, | doubt whether the discovery of the double helix could | 
Y have been delayed for more than 2 or 3 years... In some ways thecode | f 
ip _ embodies the core of molecular biology, just as the periodic table of the ai z | 
a elements embodies the core of chemistry, but there is a profound diffe- | gr 
ence — the periodic table is probably true.” 

i 

} 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


a E EE ERE 


igitized by Arya SahARSURGatioMBAd Sle: and eGangotri 


D 


Nature Watch 


The Dhole or the Asiatic Wild Dog 


a j 


Arun Venkataraman has 
used the finest techniques 
of modern behavioural 
ecology to investigate the 
ecology and sociobiology 
of social wasps on the one 
hand and wild dogs on the 
other. He enjoys 
combining these basic 
research programmes with 
his responsibility as 
Conservation Biologist at 
the Asian Elephant 
Conservation Centre. 


The dhole is a rufous 


coloured animal with 
a beautiful plume- 
like black iail. 


Arun Venkataraman 


The dhole (Cuon alpinus) is a social hunter and a Cooper, 
tive breeder. Dholes live in packs with rigid hierarchic 
Their social behaviour, hunting strategies and breed 
patterns are described in this article. 


On the Dhole Trail 


It was a hot sultry morning, punctuated by the incessant calls 


cicadas. I was deeply engrossed in following our study pack. 


dholes travelling in single file up a forest road in Kargudi, aprim 
dhole habitat in the Mudumalai sanctuary, Tamil Nadu, South 
India. The sanctuary forms a part of the Nilgiri biosphere reserv 
straddling an area of approximately 5000 sq km in the thre 
southern states of Kerala, Karnataka and Tamil Nadu. The pak 
consisting of 10 dholes had not killed any prey that morning.| 
was unusual that they were still moving as they usually give w 
hunting by this time, preferring to spend the hottest portion ofthe 
day resting and eagerly anticipating the evening hunt. A smil, 


sudden burst of activity ensued and three dholes lagging behin 
the rest of the pack dived into bushes on the roadside. Two ofthet 


reappeared almost immediately. The third one eventually em 

holding a quivering mouse deer (Tragulus memmina), Asia’s small 
est deer, in it’s mouth. Casting what I imagined to be 
glances towards the pack, it disappeared into the bushes” 
loud crunching sounds, ate the entire animal in seclusio™ 
this solitary meal it proceeded to join the pack. The pack indi 
als on sensing its arrival bounded towards the errant 2" 


dwit 


ima 


probably aroused by the smell of flesh and blood emanati? i 


f ; 5 
the recent meal. Mild aggression was displayed tow?" r 


74 


: : : 
animal and the pack proceeded along its way as ç nothing 
happened. 

1 
vAn —— <a 
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phole Habitats 


The above incident relates wat cous isis ee contrasting 
selfish behaviour in an piensa highly social animal. Dholes 
display 2 high level of sociality. This ig in stark contrast to the 
solitary leopard (Panthera pardus) and tiger (Panthera tigris), the 
two other large carnivores that often share habitats with dholes. 
The dhole or the Asiatic wild dog (Cuon alpinus) is a social canid 
(animals which belong to the dog family) that inhabits most 
forested areas of south, south-east and continental Asia. Once 
distributed as far as eastern Europe, its range has been drastically 
diminished due to direct persecution by man and loss of habitat. 
In India, dholes were once widespread throughout the country. 
The Terai region (foothills of the Himalayas) of North India, 
which still retains excellent dhole habitats once contained a high 
population of dholes. Dholes are as good as extinct in this area 
today. They exist only in small pockets of forest in the north-east 
Indian hills, in the states of Assam and Meghalaya. The best 
populations exist in Myanmar and central and southern India. 
Ample prey in the dry deciduous tracts of forest are partially 
responsible for their relative security in these areas. Human 
Pressures on habitat and wanton hunting of prey species have 
Virtually exterminated dholes from most parts of south-east Asia. 
In many areas it has traditionally and erroneously been classified 
as vermin, thought to deplete natural populations of wild ungu- 
lates as well as kill domestic cattle. Systematic bounty hunting 


nd poisoning has caused its extinction over much of its range, 
“specially in Central Asia. 


Social Behaviour 


ce 5 7 Tufous coloured animal with a beautiful plume-like 
animal in ae 1s effectively used for signalling the status ofan 
rigid with e dominance hierarchy. Dominance hierarchies are 
Ominant a alpha male and female at the top of the hierarchy: 
animals participate in much of the breeding and 
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Dholes display g 
high level of 
SOCiality. This is in 
Stark contrast to the 
Solitary leopard and 
tiger, the two other 
'arge carnivores 
that offen share 
habitats with 

dhoies 


Dominance 
hierarchies are rigid 
with an aloha male 
and female at the 
top of the hierarchy. 
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Dholes offen live 
in aggregations of 
individuals 


called packs. 


MILIND WATVE 


| Figure 1 At the den: A 
| helper with 6 pups visible. A 
` fotal of 8 pups were born in 

| this pack during December 
1990. 


possibly also social decision-making. Rather stockily built, 
and females weigh around 15 and 13 kgs respective] 
compact, lethal hunter well adapted for coursing at high set L 
pursuit of prey. It differs from the genus Canis (wolves, . Sin 
domestic dogs and coyotes) by having two molars instead ofth 

and many more teats. ef, 


& 
Y. lti 


Dholes often live in aggregations of individuals called Packs, Sug 
packs are highly structured and individuals within them Coord), 
nate activities such as hunting and breeding. Pack memben 
coordinate while pulling down and killing large prey suchas adul 
sambar (Cervus unicolor) and chital (Axis axis). Individuals my 
grab the ear, tail and other parts of the body, eventually weighing 
down the animal before actually killing it. Although the meat 
generally shared, there is some squabbling among individu 
with dominant individuals cornering the choicest bits of mea 
Young pups within the packs are allowed to have precedenceove 
others while feeding. Dhole packs, however, usually kill smaller 
animals such as sambar and chital fawns. Most pack memben 
help in surrounding small prey and block their escape while the 
older males move in for the kill. Older females and young 
animals usually tend to lag behind and join in for the feeding 
Dholes usually kill once a day, but on many a day hunting pro 
unsuccessful or the animal killed is too small to ensure a full bely 
to all pack members. 


Following mating in October, pups are born in December within 
an earthen den, which is usually a complex of jnter-connec! 
tunnels in a dry river bank (see Figure 1). They spend ao 
3-4 weeks in such dens and the pack eventually moves be Í 
another type of den, usually a hole or a cave under an our 
rocks. In front ofsuch dens is a play area, where the pupSP w m 
with each other, begin establishing dominance hierarchie H] 
through such behaviour hone their deadly hunting skills.1 + 
seen three pups stand flank to flank and pick up 4 stick 108 ¢ | 
with perfect coordination. Does this kind of behaviour en A v 
high degree of coordination necessary for hunting? Ja addi? 


g 
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pilk from their mother, they also receive regurgitated food from 
other pack members. Pack members vey with pups, groom and 
eat dthem and keep a watch over their early forays from the den. 
when the pups are two months old they start receiving solid food. 
It is ground this time that they begin getting restless and make 
longer trips away from the den, rushing back at the slightest hint 
of danger. The packs also change dens quite frequently and have 
been seen to change as many as five dens in an area of one Square 
kilometre. It is possible that they do this to deter predators such 
as leopards and hyenas who may find the den and lift the pups. 
Smell from uneaten food, pup and adult odours and faeces 
make the den easy to detect, forcing packs to change them 
regularly. 


Mating Practices 


On most occasions only a single female litters, despite the pres- 
ence of other sexually mature females. We have even noticed 
subordinate females disappearing during the mating season pos- 
sibly as a result of behavioural antagonism from the dominant 
female. It would be interesting to determine what happens to 
these breeding females. Do they actually team up with solitary 
males from other packs, litter and form new packs or do they join 
already established packs? Similarly, we do not know what hap- 
PR ae who leave packs. Some lone males leave their natal 
heel ae and later rejoin the paci Dunong their 
es ir natal pack, they may be BLES their chances 
Thee ae to lone females and forming other new packs. 
with other te nE that males tend to leave packs along 
dieet fa who are Possibly their brothers and join packs 

ee T male has just died or left. Even though only 
ssumes the role of dominant male of the pack, 


One of th 
all othe f 
T males including those who are unrelated to the pack 


Members di 
Pack’s a isplay a great deal of helping behaviour, towards the 


u ; 
lished O Ke have noticed solitary males following estab- 
ing to a the mating season. Are these males actually 
access to pack females or are they anticipating the 
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| hove seen three 


PUDS Standing flank 


fo flank, pick up a 
Stick together with 
perfect 
coordination 

Does this kind of 
behaviour ensure 
the high degree of 
coordination 
necessary for 
hunting? 


The packs 
frequently change 
dens; | have seen 
as many as five 
dens in an area of 
one square 
kilometre. it is 
possible that they 
do this to deter 
predators such as 
leopards and 
hyenas who may 
find the den and lift 
the pups. 
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The hunting strategy 
requires a very 
specific distribution 
of prey which in turn 
requires a unique 
habitat. One can 
envisage that such 

a delicate system is 
consiantly 

under threat due to 


human population 
pressures on 
valuable forest 
land, 
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Figure 2 A dhole defend- 
Ing its kill from vultures. A 
total of 5 dholes killed this 
chital stag in the Kanha 
National Park, Madhya 
Pradesh. ; 
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departure of subordinate sexually mature females from the 
Many of the above questions, though extremely importa 
main unanswered. Intense and painstaking monitoring 5 
members, spanning many years, may shed some light o 
fascinating issues. 


Pack) 
Tt, te, 


n these 


Hunting Strategies 


The main prey of dhole packs in the Mudumalai Sanctuary ap 
chital, which live in herds. Some forested areas contain Many 
herds while others don’t contain any. This kind of distribution 
called a patchy one. At least one dhole pack hunts within a single 
patch for a few days and when their hunting stops yielding 
adequate gains, they switch to a fresh patch and repeat the process 
This strategic hunting may ensure steady long-term gains in 
terms of chital killed. In addition to strategic use of their home 
ranges, dholes may have extremely elaborate methods for hunting 
prey. I have often seen some dhole pack members jumping in and 
out of bushes surrounding open areas. The intention is to drive 
smaller prey hiding within bushes into the waiting jaws of other 
pack members waiting in the open area. A frequent manoeuvre 
involves cutting corners while chasing prey. A single dhol 
chasing a prey animal is aided by others who run at the animi 
from other angles, reducing the distance between the lead dhole 
and the prey. This behaviour is often mistaken to be more than / 
one dhole running relays. Sometimes, on being confronted wit 
a dhole in front ofit, the prey animal turns back into the rest ofthe 
pack. Such chases, though gruesome to watch, are exciting 4! 
ripe with scientific information (see Figure 2). 


An Endangered Species 


fe: ; DU F . as 
Itis disheartening that a scientifically valuable species such nit 
; e 

dhole facesa severe threat to its survival. As mentioned earli i 

i - f ceethytion of Pe 
hunting strategy requires a very specific distributio? vs 
which in turn requires a unique habitat. One can mee 
such a delicate system is constantly under threat due c 
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n valuable forest land. 


Yi population pressu gee Cattle grazing, 
te. firewood extraction and increased real estate development are just 
tk ome of the threats facing dholes today. The African hunting dog 


wa onpictus) was an animal classified as vermin just sixty years 


(Lyca AA 
ago. Today the species is highly endangered and has disappeared 


much of its former range in Africa. Will the remarkable 


from ; 
dhole follow in its footsteps? Very likely, unless immediate action 
js taken. 
te 
hy : 
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i RC Morris. The Indian Wild Dog (Cuon dukhanensis) 7. Bombay. Nat. Hist. Asian Elephant i 
Soc. 30(1): 218-219. 1931. Conservation Centre, 
Ig AVenkataraman, R Arumugam and K Sukumar. Foraging Ecology of Dhole Centre for Ecological 
1d (Cuon alpinus)in Mudumalai Sanctuary, South India. J. Zool, (Lond.) in Sciences, indian Institute A 
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k high in the heavens, fz} 
a unseen by humans, the battle rages on... a 
l { 
i = 
If f 1 
d | 
op 
E 
E 
Ie { f 
e| { 
i 1 2. 
j k i 4 q 
AT’ A 
ji m S PROF. CHARLIE CHASING WEISELKRACK. CHARLIE IS STILL FURIOUS HE W. ge ù 
ARD 5 ! š 
| ED THE NOBEL WHEN WEISELKRACK WAS MEMBER OF THE NOBEL AC E | 


i Reso m 
; a ee 3 
ONANCE | E 


February 1996 
CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


: Digitized by Arya Sam TURETO ARNE and eGangotri Ka 


Molecule of the Month 


somers of Benzene — Still Pursuing Dreams 


F Chandrasekhar 


Three new monocyclic C,H, isomers which are hi 


is at th 5 ghi 
Oa e strained have been made in recent years. J 
Department of Organic 
Chemistry of the Indian Ins- 
titute of Science, Bangalore. Michael Faraday opened up a new chapter in chemistry when by ) 


isolated benzene from the distillate of coal tar. The deceptive 
simple molecule with the formula C,H, has triggered mary 
experiments and theoretical proposals. The correct ring struc 
ture, shown in 1 (see Figure 1), was assigned by Kekulé after hi 
celebrated dream of a snake attempting to swallow its tail. Som 
chemistry historians are debunking this bit about the dream. Bu 
Figure 1 Kekulé structure it may be too late; fact or fable, it is now part of chemistry folklor. 


S 


of benzene shown with ( 
delocalised x electrons. How many isomers are possible for C,H., using the known nls ] 

about hydrocarbons? Many acyclic structures, such # 7 
Figure2 Someexperimen- _ dimethylbutadiene (2), readily come to mind. A large numberd! t 
tally known C,H, isomers. substituted 3-, 4- or 5- membered rings are also possible. Fulvett t 


aor 


H,C——C ==c—c==c—cH, H H 
(2) 


at ee od ee 8 et 


H H 
Fulvene (3) 


H H 
H H H H 
ees) 
H H 
H Dewar H H 


benzene (5) 


Benzvalene (6) 


i 
z E SEa var. 8 
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apis famous example. Two, 3-membered nga canals be 

eta aa CHo as in isomer 4. Among bicyclic struc- 
conn Dewar benzene (5) is well known. (Can you think of others?) 
ci first proposed as a bonding model for benzene. Later, an 
ee cent isomeric structure; viu a non-planar geometry was 
made. A more complex ring fusion is involved in benzvalene (6). 
This strained molecule has also been successfully synthesized. 
More rings can be added until we reach the highly symmetrical 
een appropriately called prismane. This isomer was 
obtained as one of the products by photolysing Dewar benzene. 
Octahedrane (8) would have been a beautiful Structure, but the 
valency of carbon does not permit this form. 


After all the isomeric structures are written down, the final count 
turns out to be 217! Only a small fraction of these have been made 
so far. 


Consider only those isomers which have a 6-membered ring. 
Enamoured as we are by the symmetry and aromaticity of ben- 
zene, many of us would not even dream of an alternative to 1. But, 
believe it or not, achemist named William Shakespeare has proven 
the existence of two such isomers. 


What are these “Shakespeare benzenes’? The correct chemical 
names are 1,2,3-cyclohexatriene (9) and cyclohexen-3-yne (10). 
The former has three double bonds in a row (a butatriene unit), 
While the latter has a triple bond and a double bond. The central 


H 
(10) 
Shakespeare benzenes 
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Figure 3 An Impossible 


Structure for CH, 


Figure 4 New monocyclic 


How 


Christl benzenes 
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atoms of the butatriene unit and the atoms forming a 
bond prefer linear geometry (‘sp’ hybridisation), This ig 
sible in a 6-membered ring. Hence, both molecules are 
strained, besides lacking aromatic stabilisation. 


e tripl 
IMpoy. 
highly 


The isomers 9 and 10 were made using standard Methods tn 

making butatrienes and enynes, respectively, from appropriates, 

membered ring precursors. In view of their high Strain, th 

isobenzenes could not be isolated and characterised, However, th, 
Scheme 1 Experimental formation of these species was proven by trapping them i 
route tothe preparationand cycloadducts with a reactive furan (see Schemes 1, 2). 


trapping of cyclohexeneyne. 1 
Scheme 2 Experimental Spurred by Ene SESS oi isobenzene was created bya i 
route tothe preparationand German chemist Christl. This new structure, 1,2,4-cyclohexatrien: a 
trapping of 1,2,3-cyclo- (11), has an allene unit and a double bond constrained in a6. 5 
hexatriene. membered ring. Allenes do not like to be planar. Part of thestrain i 
V 
| 
SiMe $ 
3 CsF d 
ae) —$<$<$ 
Br Me,SO Ph = 
— 
(0) 
—— 
Scheme 1 } 
Ph 
Ph L 
OSO,CF 
a= we 
— > = 
SiMe; Me,SO Ph Ch 
— Ph | 
L Sg O . 
i Scheme 2 i 
J 


f = m — a T RE 
Il a2 h~ cel rebrualy 
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ed by the hydrogen atoms bending out-of-plane. 

Behe molecule is expected to have considerable diradical 

l Howe f The formation of 11, following successive elimination 

Ir, charact ih a suitable precursor, could be confirmed only by 
esis chemical trapping experiment (see Scheme 3), 


l jev 
t can be reli 


mean 


6. We may expect more such work, especially aimed at the more 
k strained forms, to complete the tally of benzene isomers. But 
Ie surely the search has to end at 217? More likely, it won’t. Benzene 
is only the first member of the aromatic series of compounds, 
There is the question of similar isomers for naphthalene, anthra- 
cene, etc. Christl has already considered and prepared his iso- 
a meric version of naphthalene (12). Further, if we are prepared to 
It introduce enormous strain in the molecule, we should also con- 
b- sider the possibility of high energy isomers in which the valency 
n restrictions are partially removed. As pointed out by another 
-- William Shakespeare: 


“There are more things in heaven and earth, Horatio, than are 
dreamt of in your philosophy”. 


Scheme 3 Ph | 
| 
CBr, Br | 
MeLi : | 
Li 
- Br Metis — e 
ore Sees = | 


5 Did you know? ... When lead is bombarded by 
Neutrons for a long time, it rearranges itself internally 
and becomes so elastic that a bell made of it might 
chime as resonantly as bells cast from the best bronze. 
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Figure 5 Christ naptha- 
lene. 


Scheme 3 Reaction se- 
quence used to prove the 
existence of 1,2,4-cyclo- 
hexatriene. 
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Classroom 


In this section of Resonance, we invite readers to pose questions likely to be raised jy 
a classroom situation. We may suggest strategies for dealing with them, or inpjy, 
responses, or both. “Classroom” is equally a forum for raising broader issues and 
sharing personal experiences and viewpoints on matters related to teaching an 


learning science. 


?  Diatomic molecules of the type A-B are polarised suc | 
that the more electronegative atom has a negative charge, 
However carbon monoxide (CO) has a small dipole moment 
with the negative end at carbon? What could be the 
reason? 


?  Wearefamiliar with o and x bonds in molecules. Can there é 
be a ô (delta) bond? Is there any well characterised example dt Q 
a compund containing a 5 bond? (Hint: This may be treated os S 
a question in inorganic chemistry.) à 
ee 


) 


? In a laser beam, many photons occur with the a y 
direction, frequency and polarisation. Is this an example? t 
Bose-Einstein condensation (BEC)? Et 


EE L E Loy Se a el a 
Gl a 
? A collection of non-interacting Bose particles exhibit 8” | i 
at low temperatures. How is this possible in the ane 
i interparticle forces? One usually assumes that an ideo! 25 | B 
i does not condense. | a 
| 
j 
l 
RE 
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1 On Bunsen Burners, Bacteria and The Bible, From Milind Watve of M E 5 
° oci- 


: ety, Abasaheb Garware Col- 
One of the key concepts of microbiological and biotechnological At Karva Read ANAAO 


work is aseptic handling. One may be handling plant or animal 
tissue cultures, microbial cultures, injectable drugs or the like; it 
js essential to keep them away from contaminating micro-organ- 
isms. Micro-organisms are present in the air, on solid surfaces, on 
the skin of the worker and they are thrown out along with 
coughing, sneezing or even breathing by the worker. This makes 


India. 


id things tricky. One can sterilize bottles, test tubes and media. How 
id are we to sterilize the air in the working room, or ourselves for that l 
matter? Nonetheless, there are ways of working which reduce the y 
probability of contamination to an acceptable low level. These are i 
i called aseptic techniques. Industrial, analytical or research units i 
ch ' 


usually have a device called laminar flow system in which sheets 
of sterile air are passed over the working area. Laminar flow 
systems are somewhat expensive; all-undergraduate teaching 
laboratories cannot afford them. 


= What do the undergraduate laboratories then do? The students Some fifteen years 
re are told to take a pair of bunsen burners and keep them burning ago my teacher had 
of at a distance of roughly six inches from each other. One is told me: “Look, 


supposed to work within this six inch zone which is comfortably 
Sufficient after some practice. 


Three years ago I was explaining this concept to a batch of first 
year B.Sc students in exactly the same way I had heard it from my 
teacher some fifteen years ago. “Look, when you light the burners, 
the air expands and moves away. So if you open the mouth of 


when you light the 
burners, the air 
expands and 
moves away. So if 
you open the mouth 
of a test tube in this 
area, contaminants 


a A test tube in this area, contaminants from the outside air from haoni ali 
Te unlikely to enter the test tube. You can get your work are unlikely to enter 
o done aseptically”, the test tube. You 
4 ; can thus get your 
; a after batch of students, have accepted these arguments. But work cone 
4y One particularly adamant boy did not oblige. We argued asec 
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To confirm the 
aseptic technique 
which my teacher 

taught me, my 

students and | 
decided to look at 
the distribution of 
bacteria themselves 
in and around the 
burners. 


Í We were expecting 
to demonstrate that 

within the six inch 

aseptic zone there 

would be few or no 

bacteria. To our 

great surprise, this 

didn't happen. 


about the air currents but did not reach a consensus. So We decig 
to experiment. An easy way, I thought, would be to eel 
visible aerosols so as to have a visual idea about them, We tin : 
some paper and took the small charred pieces that drift wi i 
slightest air current. This worked to some extent, but no cle 
picture emerged. Then we decided to look at the distribution i 
bacteria themselves in and around the burners. A Very simp) 
technique is to expose gels of nutrient media for a defined time 
specific locations. If bacteria floating in air come in contact with 
the gel, they get stuck and start growing because of the nutrieny 
provided. If incubated overnight, they form visible colonis 
which can be counted. This does not ensure a count of the tota 
number of organisms in a unit volume of air, but gives a relatiy 
account of the aerial load of micro-organisms. We did the experi 
ment by exposing nutrient agar plates at various distances anj" 
heights from the flames of the bunsen burners and incubated 
them. The next day I intended to demonstrate that the plate 
exposed within the six inch aseptic zone carried a few orm 
bacteria, and as the distance from the burners increased, the 
number of colonies on the plates increased. 


To my surprise it didn’t work! The plates exposed within the 
aseptic zone had nearly the same number of colonies as thot 
exposed a couple of feet away. Why was this so? Something mls 
be seriously wrong. It made me think harder of all possible wa} 7 
in which the experiment could have gone wrong. Í carefull 
redesigned the experiment. The time of exposure was mort 
rigidly standardised. Randomization was introduced to ge ridd 
possible biases such as distance from wash basin, distance i 
the experimenter and so on. With the help of fifteen students 
exposed thirty pairs of plates within and outside the asepti ate 
this time with the hope of getting a ‘correct’ result. 


We took the counts the next day. To my disappointme™ f | 
counts hardly differed. I tried all possible statistical juggle! a 
I knew, to try and show at least marginal statistical signifie pi 
so that I could somehow push the argument and savè my fa i 


febr 
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i f z | We redesigned the 
: ienesa | experiment more 
: | | aa carefully, introduced 
| Jad cert one | randomization to 
it a yer i sd i eliminate biases, 
3 ya KOR | | but the bacterial 
: z | count within and 
i outside the 
i aseptic zone hardly 
y differed! 
lé 
td 
Ne 
ti. 
it 2 
a 

ed E 
5 pa: te R E 
n sa (tate È 
he 

all parametric and non-parametric methods failed to show a 

significant difference. 
he 
e Then I suddenly felt “why should I try to save my face?” So far I 
sl had accepted an argument because my teachers said so. It is not 
ja necessarily correct. Now that the experimental findings went 
i against what I was taught, should I believe my teachers or should 
j; Ihave more faith in my experimental results? Certainly, I should 
d gust my own findings, in the true spirit of science. It took a little 
p "ime for me to become determined enough to declare in the class 
13 that the lesson that we had learnt from our teachers was certainly On the basis of 
' Bie our experimental 

Tthen aaa e Re findings, | had to 
7 ofthis E w carry out a deeper investigation into ue origin conclude A the 
i ork within N I discovered that no HERDED clearly anaes us to ~ T a 
a| thar ar Ç Space of Bey burner dere is no authentic es teac T r 
i Septic ae Studies the microbial load of the so-calle was 

* Most of all, the aseptic zone concept seems to be wrong. 
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We teach science 
as if we were 
teaching the Bible, 
the Bhagavad Gita 
or the Koran. Every 
word in those texts 
is sacred and 
unchallenged. 


Our college 

students are so 
well-trained to 
believe that the 
teacher's word is 
final that before 
they peep into the 
microscope, they 
know what they are 
supposed to 
observe and they 
observe and draw it 
—even ifa 
mischievous 
feacher like me puts 
a blank slide! 
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restricted to only a few universities, where it is Propagated = 
eee edh, 
vertical transmission. I say so because my teachers said Soy 
>) 


ae hoj 
turn took it from their teachers, the origin being ee a 
ee n 
talked to a large number of microbiology teachers an du l ma 
; pa i eir 
reactions were surprising. The most common reaction was “M w 
ay 


be, if you say, it could be so.” (“but”, reading between the ti 01 
“we will continue teaching the same.”) Another common reaction gl 
N 


was, “working between the burners may be ineffective, but why oc 
can we do if we can’t afford laminar flow systems?”, (This jg like : 
trying to light an electric bulb with a match box and Saying: wha i 
else can we do if there is no power?). One teacher said, “Oh, a i on 
is, we have to teach a lot of rubbish. What difference does i ex 
make?” I wish at least one teacher had repeated the experimen ab 
and checked it himself. Out ofall the students who participatediy ex 
the experiment, only a handful really believed in their om 
experimental results and were ready to defend it. Others took:  Ọ; 
very diplomatic stand — they declared that if their examine sel 
believed in an aseptic zone, it was real. If he didn’t, it wasn’t. wa 
Cal 
There are many generalizable lessons arising out of this story. | ris 


reflects our style of science teaching in general. We teach scient co 
as if we were teaching the Bible, the Bhagavad Gita or the Koru the 
Every word in those texts is sacred and unchallenged. If yo 
happen to observe something which contradicts what you # Ik 
supposed to teach, then your observation must be wrong. The 3 
textbooks and the teachers are the supreme authorities. So wit 
ever the textbook says is correct and whatever the teacher s4J° ) 
final. So well-trained are our students in this tradition that befor 
they peep into the microscope, they know what they are supp% 

to observe and they observe and draw it, even if a mischiev 
teacher like me puts a blank slide under the lens. As a student 
to the higher classes, his natural instincts are killed 22 
becomes a blind follower. 


Ne 
Q 
© 
ha 


5 j js 
One might have a different experience in high school. vi 1 
a little encouragement, the students explore things 02 ii, j 
observe more honestly and interpret more independently: 


i 


y 
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by velate, for comparison, a school experience. There is an experi- With just a little 

in ment in textbooks about oranie ae percentage of oxygen in encouragement, the 
| sir. What the textbook prescribes is this: take a bow] with a little Students explore 
ir nen light a candle at the centre and then place an inverted glass 


things on their own, 


ay over it. Soon the flame gets extinguished and water wi] rise in the observe more 


0, ite Tha r 
s, glass to occupy about 20% of its volume. This proves that oxygen 


i honestly and 
On occupies 20% of the volume of air. I remember the experiment as interpret more 
at well as the figure in my textbook, decades back. Nothing has independently, 


k = changed. As a student, I had accepted it blindly. We used to have 
at our experiments only in books. The concept of doing an experi- 
it ment was simply non-existent. Asa teacher, I started doubting the 
i experiment. What about the carbon dioxide produced? What 


Mt about the temperature changes associated with burning and i 
in extinguishing the candle? Won’t the air expand and contract? 
i 


a Onebatch ofstudents actually did the experiment. Itworks, in the 
er sense that some amount of water rises. What I was astonished by 
was a variation of the experiment. One boy decided to burn two 
candles instead of one. To everyone’s surprise, water was seen 
l rising to a higher level. What followed was the most logical 


ct conclusion from the students, “When one burns two candles, 
n there is more oxygen in the air!”, 


t _Tleave it to the readers to do the experiment and reach their own 
¥ 3 conclusion. 


Did you know? ... One can measure deformations that are less than an atomic 
! diameter — provided they are oscillatory and thus can easily be transformed into 
i electric signals. The human ear can also “measure’ similarly small deformations 
, of the eardrum. (from Quantum, September-October 1995}. 


ta Did you know? ... It is possible to combine opposite mechanical properties in 
“ F 

composites" — compound materials that include a light pliable base and a fibre 
filing made of a very strong material. (from Quantum, September-October 1995). 
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Think It Over 
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This section of Resonance is meant to raise thought-provoking, interesting, OF ju 
plain brain-teasing questions every month, and discuss answers a few months late 
Readers are welcome to send in suggestions for such questions, solutions to question, 
already posed, comments on the solutions discussed in the journal, etc. to Resonang 
Indian Academy of Sciences, Bangalore 560 080, with “Think It Over” written oniy 
cover or card to help us sort the correspondence. Due to limitations of space, it mayn 
be possible to use all the material received. However, the coordinators of this sectin 
(currently A Sitaram and R Nityananda) will try and select items which best illustray 


various ideas and concepts, for inclusion in this section. 
From J Chandrasekhar l The Richness of Chemistry 


One simple way to appreciate the richness of chemistry is 10) 


Think of any iwo through the following exercise: Think of any two elementsint 
elements in the Periodic Table. Try to work out the number of possible bin 
Periodic Table. Try compounds that can be made from them. Then, check how mi 


to work out the 
number of possible 
binary compounds 


have indeed been made experimentally. Invariably, you will comet 
the conclusion that a large chunk of chemistry remains unexplor! § 


that can be made Let us try this procedure for carbon and oxygen. How ™ 
from them. Then, oxides of carbon are known? Carbon monoxide (CO) anda 
check howmany | dioxide (CO,) would immediately spring to mind. The fom 
have indeed a colourless, odourless poisonous gas emitted all around us ue i 
been made incomplete combustion of carbon compounds. It is also 7A r l 
experimentally. ingredient of the industrially important ‘water gas’. Carbon 
Invariably, you will ide, present in larger amounts in the atmosphere, is useful" P 
come to the and provides the fizz in soft drinks. It is also the prime sus 
conclusion that a global warming process caused by the greenhouse effect 
large chunk of A a 
chemistry remains Are there any other oxides? Text books usually ist carbo® aot 
unexplored. ide, C,O,. More advanced inorganic books mention 4 | 
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However, one can easily write the formulae of several possible 
0 > : š 
des. One can generalise and have a series of oxides of the 


Carbon dioxide, 


+ oxi ‘ present in larger 
jana C,O and another of the type OC,0. The first few mem- amounts in the 
pers in both the series have Benn made e the laboratory. Their atmosphere, is 
structures have been determined by MEOW Ae (or rotational) useful as dry ice 
spectroscopy: Some Bt been detected firstin inter-stellar clouds, and provides the 
by their characteristic spectral features, and confirmed later by fizz in soft drinks. It 

im) Jaboratory experiments. is also the prime 

te, Suspect in the 

om Based on the nature of hybridisation of the atoms involved, the two global warming 

w series of compounds are expected to be linear. But there is another process caused by 

th interesting pattern in their electronic structures. In the series of the greenhouse 

fo linear molecules with the general formula C O, thegroundelectronic effect. 

in state is a singlet if n is odd and a triplet if n is even. There is a 

a, qualitative explanation based on molecular orbital theory for the 
trend (although the space in the margin is not enough to write it 
down). Can the rule be extended to the OC O series of molecules too? 

Finally, one must mention the oxides of fullerenes. Just as Co and 

R Cp are unique molecular allotropes of carbon, their oxides are 

tk entities in themselves. Both C,,0 and C,,O have been made, 

W) retaining the spheroidal shapes of the fullerenes. How many 

iti reasonable isomeric structures are possible in each case? 

Gu 

dS 2 Prisoners Dilemma 


m| Three Prisoners, A,B and C are each held in solitary confinement. A 

w Knows that two of them will be hanged, butonewill go free. However, 

g eno know who will go free. He thus reasons that there is a 1/ 

ey *chance of his survival. Anxious to know his fate, he asks his guard. 

wi Butthe guard will not tell A his fate. A thinks and puts the following 

z one to the guard: “If two of us must die, then I know that either 

i ae Must die and Possibly both. Ifyou tell me the name of just one 

? si wn Who is certain to die, then I learn nothing about my fate; and Will the meen: 
a we are kept apart, I cannot inform them of theirs. So tell me of probabitity 

o 4 a A ofB or C is to die?” The guard accepts the logic and tells mo pie 

af Now h $10 die. A now reasons that either he or B will live. Thus : oa 

aS a 1/2 chance of survival. Is A’s reasoning correct? dilemma 
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Reflections carries 
materialon the history 
and future of science, 
its methodology and 
philosophy, and its 
connections with other 
human activities. It is 
intended to provide a 
broad view, comple- 
menting the more spe- 
cific discussions of in- 
dividual topics in the 


rest of the journal. 
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The Crisis of Science 


————— | 


| began with Newton. Before the time of Newton, many isolated 


Satyendra Nath Bose Y 


A new age in NA has dawned from the beginning ofth 
20th century. Let us make a few general comments On the 
historical development of physics before we proceed to ae 
lyze the characteristics of this new age. 


It is perhaps not an exaggeration to state that modern scien 


facts were known about the physical world in a disconnected 

fashion. From time immemorial, man has been collecting í 
such knowledge which might be of practical use in his daily 

life or which might lead to greater efficiency and productivity | 
in the crafts and the trades. But the only example ofapur | 
science in the ancient world was mathematics. Especially 
geometry was a subject which commanded the attention df 


scientific thinkers. The ancient Greeks and their follows |; 
developed certain approaches and methods for the studyo i 
geometry. Later scientists attempted to apply these sale) |r 


approaches and methods to study material objects. Thats 
why Euclid is revered as the father of all exact sciences. Tews À E 
Newton who first showed that motions of material bodies@ |1 
be studied by the mathematica] methods previously | 
only to geometry. The central problem of dynamics is ton 
out how the future configurations and motions of matt 

bodies can be predicted from a knowledge of theit re 
| configurations and motions. i 


jes, M 
Newton found the solution to this problem of dynamin 
successors demonstrated that his laws hold sway 

stars in the sky to terrestrial objects of different sizes 


ws 
us. The results and predictions based on these la 


remarkable agreement with what was directly obser? 
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ae So Translator's Note | 
3 This is an essay which appeared in the Bengali technical writings are allin Bengali, his talents asa 
magazine Parichay in the issue of August-Septern- Popularizer of science are hot generally known 
| per 1931.SN Bose, the ae ofquantum statistics, outside his native Bengal. This translation may give 
always had the conviction that we ought to present some idea of his style and presentation, 
he science to the common man in his own language. 
te in later life, he nurtured a Bengali magazine for it may be noted that this essay was written before | 
le popular science. His interest in presenting science the discovery of the neutron, Bose therefore consid- 
in Bengali, however, began quite early in life. The ers electrons and protons to be the only constitu- | 
presentessayis his first published writingin Bengali ents of matter. | should also mention that | have 
Me at a time when quantum mechanics was in its followed Bosein referring toelectromagnetic waves 
ed infancy. In brilliant and lucid Bengali prose, he as wavesin the ether. As one of the first translators 
ed } provides a masterly accountofihedevelopmentsof of Einstein's papers on relativity into English, Bose 
ng physics which led to the quantum crisis. This is truly must have been aware that the concept of ether 
iy anextraordinary piece of popular science writingin was no longer so useful. Perhaps he felt that a lay 
ty every sense. Perhaps it will be difficult to find a person would grasp the concept of waves in ether 
It comparable essay in any indian language where a more easily than the concept of electromagnetic 
ly master ofsuch stature describes tolaymenarecent waves. One may also note that Bose, in his charac- 
of revolution in his field of research. Bose’s colleague, teristic modest way, never even mentions his own 
n M N Saha, did a considerable amount of non- famous work of 1924 which could have quite natu- 
df technical writing in English, which appearedinthe rally found a place in this essay. 
X | | Magazine Science and Culture. Since Bose’s non- Arnab Rai Choudhuri 
i Sere J eee 
at: meee ee’ ae 
a became possible to predict at which point in the sky a planet | 
A | would appear two years from now by doing calculations today. 
; E ae could also predict the mon thata cannon ae would | 
f | a w arid find out exactly where it would land behets ate | 
; | “nemy lines, Encouraged by these successes, the scientists | 
| na investigating other aspects of the material world. aer l 
| electricity became the phenomena to be studied | 
‘i | Rex. Following the footste s of Newton, later scientists tried 
lig l to Carry on simil E s i a f these phe- 
‘A l men 1 ar mathematical investigations 0: 
| and achieved a fair degree of success. 


| 
| Scienti ; 
See from the earliest times have bothered about the 


re er 


Digitized by Arya Samaj Foungatien Chennai and eGangotri 


PEF 


"Scientists from the 
earliest times have 
bothered about the 
ultimate 
constituents of 
matter. Human 
mind has pondered 
over the question 
whether there is 
some kind of 
fundamental 
building block out of 
which the whole 
physical world 

with all its apparent 
diversity is 

made up. " 


FLECTIONS 


ultimate constituents of matter. The human ming Ie 
in| 


dered over the question whether there is some king of fung 
mental building block out of which the whole physical wor | 
with all its apparent diversity is made up. A long tradition o] 
research has finally culminated in the modern view Of chem, 
istry that everything around us has resulted from differen 
combinations of only 92 elements. These elements are the | 
constituents of all material objects starting from wood and 
stones to the bodies of animals. To demonstrate the Corre. | 
ness of this assertion, chemists are able to synthesize moreand 
more substances artificially in their laboratories. 


At one time it was a complete mystery to scientists hop 
complex substances are produced by natural transmutation: | 
processes - sometimes deep down under the Earth’s surface, 
sometimes within the living bodies of animals. Modern chemi- 
cal analysis has shown that all these substances are madewp 
from the same elements, and chemists have now succeededia | 
synthesizing many of them starting from the basic elements | 
A search for the laws governing these analyses and synthesis! 
processes has given rise to a scientific atomic theory. The 
modern scientific view is that all solids, liquids and gases 
made up of atoms. Whether a substance is found in the soli, 
liquid or gaseous state merely depends on the motions and 
mutual interactions of the atoms. To establish this point o 
view with certainty, scientists had to address the questio 
whether the dynamics of the invisible atoms is governed n 
the same laws of mechanics which govern the dynamics a 
visible objects around us. Towards the end of the 19th e 
tury, Thomson, Rutherford and other scientists came w 
conclusion that these 92 elements themselves must con | 
two types of subatomic particles. One of them is the positi" | | 
charged particle proton, whereas the other is the negat | 
charged particle electron. It seems that all atoms atë 73 dl 
of just these two fundamental particles. Scientist | 


arrived at this conclusion by a kind of scien 
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pore) some E reminds us of the analysis 
| siS; : | z 
| through which the chemists had earlier established the 
| existence of 92 elements. 


This view of the ultimate constitution of matter became 
| firmly established by the turn of this century. The main task 
| of physics today is to discover the laws which determine how 
these two types of charged particles make up the atoms of all 
the different elements. Experiments performed by Rutherford 
and others at the beginning of the century suggested that the 
structure of the atom resembles the structure of the solar 
| system in which the planets revolve around the Sun obeying 
Newton’s laws of motion. It appears that each atom has a 
| nucleus within which positively charged particles outnumber 
negatively charged particles. Several negatively charged elec- 


trons revolve around this nucleus in different orbits. The net 
| positive charge of the nucleus equals the total negative charge 
ofthe electrons in all the orbits. Consequently the whole atom 
appears as an uncharged entity in experiments which do not 
resolve the subatornic structure. Since all the fundamental 
particles possess the sarne quantity of charge, the 92 different 


orbiting electrons within their atoms. The heaviest metal has 
92 electrons moving round the nucleus. Rutherford and oth- 
ers have provided strong evidence in support of this model of 
theatomic structure. The properties of different elements can 


ea It is becoming increasingly clear that many, macro- 

‘copic properties of bulk matter are related to the electrical 

charges of the subatomic particles. But we still do not fully 

ae the laws of physics which govern the mo- 
electrons around the nucleus. 


RRS ee ee 3 
ok 'S Point, it is essential to examine some concepts which 


Ysicists had developed from their studies of heat and light. 


aa e eee ONS aces A 


ee 
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Ince a solid; z 
& ~ 4 solid is perceived icist as a collection of — 
See byte phys S33 eee 


elements essentially differ because of the different numbers of — 


be explained from the different electronic structures of their | 


i 
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Experiments 
performed by 
Rutherford and 
others at the 
beginning of the 
century suggested 
that the structure of 
the atom resembles 
the structure of the 
solar system in | 
which the planets 
revolve around 
the sun obeying 
Newton's laws 
of motion.” 
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“Heat is nothing but 
the macroscopic 
manifestation of the 
motions of 
molecules... 

a substance 
appears hotter 
when the molecules 
inside are 

more energetic.” 


i 


many vibrating molecules, it is natural to conclude thath 
is nothing but the macroscopic manifestation of the ii ay 


5 Otio 
of molecules. When we keep one end of a metal roi n 
In 


furnace, the other end also gradually gets heated, The eyl B 
t 


nation for this is that the energetic molecules of the furm 

collide with the less energetic molecules of the initiallyco 
rod and transfer some energy to them. The interaction 
amongst the molecules ofthe rod then transmit this energy 
the end of the rod away from the furnace. A substance appear 
hotter when the molecules inside are more energetic, Scien. 
tists are trying to explain different thermal properties ¢ 
matter on the basis of this idea. This has naturally led to the 
discussion whether Newtonian mechanics is applicabletoth 
motions of molecules. Calculations based on Newtonian me 
chanics have given some promising results. Here, however 
one has to keep in mind that it is not possible to carry on 


detailed calculations of the motions of all molecules the wa 


it was done for the planets. We have seen that one can predit 
the future motions of planets from a knowledge of their 
positions and velocities at some instant of time. It is impos 
sible to have such detailed knowledge for all the molectls 
within a material body. We are able to say something definit 
in spite of this limitation only because we are dealing with? 


very large number of molecules. In order to understand bulk | 


properties of matter, itis not essential to have exact Knowledg 
about each and every molecule. If we merely know the lari 
which in general govern the motions of the molecules, % 
that is often sufficient to explain many of the thermal prope 
ties. We can give the example of a country in which millet 
ofpeople live. Even though we may not have detailed info 
tion about the occupations ofall the people, we cat a 
the general economic prospects of the country and issi 


d 
tics of births and deaths. Often this limited knowledet 
tly the b 


in some 


fices to draw many important inferences. In exa? 
way, we can study the motions of molecules with 


material from a statistical point of view. ar 
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Physicists have the faith that the laws of Newtonian mechan- 


ics have 


geometry 4 : 
Hons based on these laws gave fantastic agreement with 
i 


experiments, scientists expected oa any ideal scientific theory 
should have a similar kind of definiteness. Our discussion in 
the previous paragraph should make it clear that such defi- 
niteness is not expected in the theory of heat. Today when the 
physicists are viewing the whole material world as collections 


the same kind of definiteness as the axioms of 
nd other branches of mathematics. When calcula- 


ofelectrons and protons, and are trying to explain all phenom- 


ena from the electrical interactions of these fundamental 
particles, itis not clear that the laws they are arriving atshould 
have the same definiteness as the axioms of geometry. Someof 
the current ideas of physics should be taken more as working 
hypotheses which yield results in agreement with experi- 
ments. On some future occasion, I wish to elaborate upon the 


| differences between the axioms in a subject like geometry and 


some of the current laws of physics which are more of the 
nature of provisional working hypotheses. 


Space provides the stage on which electrons and protons act as 


| the dramatis personae. There was a time when physicists used 


to think of electrons and protons as ordinary material spheres 


| inevery respect apart from the very small size. Since the sizes 


of these subatomic particles appeared much smaller than the 
atom, it seemed natural to conclude that an atom has mostly 
empty space inside. Physicists started thinking about the 
nature of the empty space when it was realized that most 
Properties of light can be understood adequately by assuming 
light to be some kind of wave motion in space. From the | 


| beginning of the 19th century, a hypothesis started gaining 


| lengths int 


round that the whole universe is filled with some continuous 
SwStaice called erher. The atoms or euhatontie particles are 
then floating in this ocean of ether. Light is nothing but the 
Waves in this ocean. There can be waves of different wave- 
his ocean, which all propagate with the same speed À 
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"Physicists have the 
faith that the laws of 
Newtonian 
mechanics have the 
same kind of 
definiteness as the 
axiorns of geometry 
and other branches 
of mathematics." 
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| in vacuum. The different colours of light are causeq n 
differences in the frequencies of these waves. Today scienti 
know of ether waves which are both much larger and ni 

| smaller than the waves which produce the sensation oflighty a 


| our eyes. Today man has learnt some techniques by which 


"The main waves of certain types can be started in ether. The radio way 
conclusion of | which carry information over thousands of Miles, are ey, 
modern physics is | amples of such man-made waves in the ether. These Waves arg 
that all the | much larger than the ordinary waves of light. On the Other 
phenomena hand, the X-rays, which are now being widely used in meg, 
occurring in the cine, are also waves in the ether which are much smallerin 
natural world can size. 
ultimately be 
understood in terms Although the Moon, the Sun, the planets and the stars are very 
of the interactions far from the Earth, they are all linked by being immersedin 
amongst the the same ether. We receive the light from the stars and the 
fundamental nebulae through the waves in the ether. The ether transmits 
particles inside the the heat and the light from the Sun to us as well, making the 
atom and their Earth vibrate with life, enabling man both to harness the 
interactions with the energy and to misuse it for different purposes. Much of the 
waves energy coming from the Sun has been transformed and stored 
in the ether." in diverse forms on the surface of the Earth. The mal 


conclusion of modern physics is that all the phenomet! 
occurring in the natural world can ultimately be understoo ; 
in terms of the interactions amongst the fundamental pit 
ticles inside the atom and their interactions with the waved 
the ether. The primary goal of 20th century physics ist 
discover all the laws governing such interactions. 


This brief outline of how physics developed from the cnet 
Newton to the 20th century provides an exmaple ° a | 
unending strivings of the human mind. By the 18th cea l 
the mathematical scientists who followed Newton m | 


py 
to solve most of the problems of planetary astrono j i 
} 


; i pis” 
applying the laws of mechanics. Newtonian nea gn ioe 
ready came to be regarded as the supreme example 0 
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into the 19th century, physicists kept nurturing the view that | 


— ee 


sical theory. It was thought as inconceivable that there | 
could be limitations to Newtonian mechanics. The scientists | 
of that period thought that the one or two still unresolved 
problems of planetary astronomy merely reflected their in- 


ability to apply the principles of mechanics properly. Well 


| 


any physical theory should be based on a few fundamental 
principles having the same kind of definiteness as the axioms 
of geometry or Newton’s theory of gravitation. With the | 
development of the atomic theory of heat, physicists started 
recognizing the importance of statistical theories which were 
somewhat different in nature from the previous theories, At 
the end of the 19th century, it became necessary to think anew 
what the nature of a physical theory ought to be. Finally the | 
study of light precipitated the ultimate crisis. Let me mention 
only this: when the well-known laws of dynamics were ap- 


plied to study the interactions of light with atoms, the results | 
were in complete disagreement with experiments. This led 
Planck to propose the quantum theory in 1900. The central 
idea of this theory is the following. Although most of the | 
previous results of optics were consistent with the wave theory 
oflight, Planck showed that we have to adopta different point | 
of view when we consider the emission or absorption of light | 
by atoms. Although the propagation of light can be under- 
stood best from the wave theory, it is necessary to regard light 


48 a stream of particles when we study the interaction of light 
With atoms. 


Just the way chemists were earlier led to the atomic theory of 
Matter while Studying the reactions amongst different chemi- 
z “ubstances, the study of reactions between light and matter 
ie X ue Particle theory of light. According to quantum 
ory, light beams of different colours have different types of 
ae The energy carried by a quantum depends on the 
“acy of light, and typically one quantum is removed 
am of light when an atom absorbs energy from the 


from the b 
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“Well into the 
19th century, 
physicists kept 
nurturing the view 
that any physical 
theory should be 
based on a few 
fundamental 
principles having 
the same kind of 
definiteness as 
the axioms of 
geometry or 
Newton's theory 
of gravitation.” 
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"Although we were 
so far regarding 
electrons as very 
small particles, the 
experiments by a 
few scientists like 
Davisson and 
Germer showed 
that sometimes a 
beam of electrons 
can act like a wave. 
Just as light can be 
diffracted to give 
rise to fringes, a 
beam of electrons 
can produce similar 
patterns on hitting 
an obstacle.” 


A 


beam. On the other hand, when the atom gives Out ener k 

quantum is produced. These ideas are completely contra FI 

what we expect in Newtonian physics. Niels Bohr and ot 
êr 


physicists are trying in the last few years to develop a aN? 
£. 


work within which the quantum theory can be reconcile 
with the older ideas of physics. 


Let me again summarize the nature of the crisis in optics, The 
questions arising from the study of propagation of light canty 
answered only by the wave theory, the particle theory being 
unable to handle these questions. On the other hand, que. 
tions pertaining to the creation or destruction of light canbe 
answered adequately only by the particle theory. The wave 
theory fails completely in these situations. This crisis in 
physics has deepened further in the last four or five yearsas, 
result of some startling new discoveries pertaining to th 
nature of electrons. Although we were so far regarding elec. 
trons as very small particles, the experiments by a few scien: 
tists like Davisson and Germer showed that sometimes: 
beam of electrons can act like a wave. Just as light can be 
diffracted to give rise to fringes, a beam of electrons cal 
produce similar patterns on hitting an obstacle. 


All these developments have caused a revolution in physicsia i 


recent years. Neither material particles nor light cat w 
treated according to our previous notions. Although wer 
accustomed to regarding electrons as tiny particles of chat 
we are suddenly becoming aware that they can also behai 
like waves. On the other hand, light can no longer be const 
ered simply as a wave, since it often behaves like 4 beam 
particles. 

A consequence of this revolution is that none of the lest 
physics are now regarded as sacrosanct. We have got en ie 
evidence that Newtonian mechanics does not hold 5 i 
world of atoms. So scientists are now busy examin 
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Ja | foundations of all the theories of physics. Efforts are being | lay | 
Yt made to ascertain which laws can still pass as scientific truth | i 4 

ther | and which laws have to be rejected as being mere scientific | T 

Me. constructions that served the earlier scientists. The concepts | 

leg of space and time are also under scrutiny. All of physics is äi 


based on measurements connected with space, time and mo- "This is an age 


tion. One pertinent question is whether our theories can be of critical 
The based on some hidden quantities which are not measured. self-questioning 
nbe | This is an age of critical self-questioning in physics. Physi- in physics." 
eing cists are now desperately trying to come to terms with many 
ues: | of the concepts, which were accepted without question in the 
nbe | 19th century when classical physics dazzled everyone with its 
vave | brilliant and spectacular triumphs. 

s in ia 
asa 
the z 
Lp [Al Bachelier got there first ... The first person to discover the connection 
i EE between random walks and diffusion was Louis Bachelier, in a doctoral 
4 dissertation of 1900. The examiners, damning it with faint praise, gave it a 
can mention honorable at a time when only a mention três honorable was 
considered worth having. Bachelier wasn’t studying Brownian motion, how- 
ever; he had his eye on something closer to the gambling origins of probability 
aT | theory—the random fluctuations of the Paris stock-market. It's perhaps no 
4 Surprise that a failed thesis on stocks and shares attracted little attention from 
rg theoretical physicists. In 1905 Albert Einstein laid what everyone thought were 
nave the foundations of the mathematical theory of Brownian motion; and Norbert 
site Wiener developed these extensively. Only much later was if discovered that 
nf Bachelier had anticipated many of their main ideas! 

[5 Poisson's work ranged from calculus to criminal law ... Poisson paid 
sl Bees considercbie attention to the application of probability theory fo criminal 
i jurisprudence. He even wrote a treatise titled "A Study of Verdict Probability in 
p Criminal and Civil Cases". 
a4 
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Nature's Solar Cell 


Structure of the Light Harvesting 
Complex 


Stephen Suresh and Gautham Nadig 


The sun is the principal source of energy for 
all life on earth. Yet, only green plants and 
certain bacteria can directly use solar energy 
by converting the light energy into chemical 
energy. They do this by photosynthesis in 
specialised organelles called chloroplasts. The 
energy then trickles down to all the other 
organisms through the food chain. Ever since 
1842, when Mayer discovered that plants con- 
vert solar energy to chemical free energy, sci- 
entists have been attempting to understand 
this fundamental process. Photosystem I, 
Photosystem II and the Cytochrome bf com- 
plex mediate the photosynthetic process. The 
molecular mechanism of photosynthesis is 
finally being unravelled by a combination of 
powerful techniques that include spectros- 
copy, molecular biology, X-ray crystallogra- 
phy and electron microscopy. 


The key players in photosynthesis are two 
membrane-bound protein complexes in the 


chloroplasts, the ‘light harvesting com 
(also called the antenna complex) and 
‘reaction centre’. The light harvesting y the 
plex captures the light energy and transfo; g 
to the reaction centre, which acts ag a 
driven electron pump across the Photos, 
thetic membrane. 


le 


The three-dimensional structure Of the re, 
tion centre from purple photosynthetic ba 
ria was determined by Harmut Michelandhi 
colleagues at the Max Planck Institute in Gy 
many. This was a landmark achievement): 
understanding photosynthesis and was Teco, 
nized by the award of the Nobel prize fy 
Chemistry in 1989. The recent determinati; 
of the structure of the plant light harvest 
complex by Werner Kuhlbrant and his gray 
at the European Molecular Biology Labora 
ries, and that of the bacterial light harvest 
complex by N W Isaacs and his group atik 
University of Glasgow in 1995 marks etat 
other major step in the understanding oft 
molecular basis of photosynthesis. The stt 
ture of the light harvesting complex LHC! 
associated with photosystem II of green pimi 
was solved by electron microscopy, while 
corresponding complex LH2 from the putt 
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Photosystem! Assembly of about 13 polypeptide chains which catalyze the formation of NADP! 
reductant. It absorbs light of wavelength shorter than 700 nm. >j 


Photosystem II Assembly of more than 10 polypeptide chains which catalyze the light driven tr 
electrons from water to plastoquinone. It can absorb light of wavelength shorter than 680 nm: 


Cytochrome bf Complex Amembrane bound protein complex that links Photosystem Land photos) fi 
Il. Itis responsible for the transport of electrons from Photosystem II to Photosystem I. Both photosys" a 
composed of the light harvesting complex and a reaction centre. 2 
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potosynthetic bacteria was elucidated by X- 
7 crystallography. With the knowledge of 
the three-dimensional structure, we are in a 
position to understand at the atomic level how 
photons are collected and funnelled to the 
reaction centre where photosynthesis takes 


place. 


In bacteria, the photosynthetic machinery is 
embedded in small vesicles which are spheri- 
cal structures made up of lipid bilayers. The 
light harvesting complexes with associated 
chlorophylls, carotenoid molecules and other 
chromophores and the all-important reaction 
centre are present in these vesicles. Most pho- 
tosynthetic bacteria have two light harvesting 
complexes, LH1 and LH2. The omnipresent 
LHI] surrounds the reaction centre and has a 
number of LH2 complexes at its periphery. 
The number and the properties of the LH2 
vary depending on the available light and 
growth conditions. 


Structurally, the LH2 complex is ring shaped 
and is made up of 9 identical units, each 
consisting of 2 polypeptide chains named al- 
Pha and beta with 53 and 41 amino acid resi- 
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dues respectively. To each unit, 3 ‘bacterio- 
chlorophyll a’ (Behl a) molecules and a carote- 
noid molecule are bound. It is interesting 
that, of these chromophores 2 of the 3 Behl a 
molecules absorb lightofa longer wavelength 
than the third, due to differences in their 
chemical environment. These 9 Pairs of chlo- 
rophyll molecules that absorb at 850 nm (1 
nanometer = 10° m) are arranged in a ring 
close to the periplasmic surface. Each mole- 
cule in the ring is in van der Waals contact 

with its neighbours on either side. The other 

9 chlorophyll molecules that absorb at 773 nm 

form a ring in a plane 18Å directly below. 


When a photon hits one of the chlorophyll 
molecules the absorbed energy spreads in about 
200-300 femtoseconds (1 femtosecond = 10°!5 
seconds) to the otherchlorophyll molecules in 
the ring through a mechanism called the exci- 
ton coupling. This mode of energy transfer is 


Figure! The membrane bound light harvesting 
complexes (LHI and LH2) and the reaction centre 
(RC) in purple photosynthetic bacteria 
[Rhodopseudomonas acidophila).LHi = light 
harvesting complex I; LH2 = light harvesting 
complex 2; RC = reaction centre. 


Location of the chromophores in the LHI compiex 
2 tocation of the chromophores in the reaction centre 
3 Location of the chlorophyll molecules par oona 
850 nmin the LH2 complex Rai 
Location of the chlorophyil molecules that absorb at á 


773 nm in the LH2 complex x 
Lipid molecule of the photosynthetic membrane, Cir- 
cularheads of the lipid molecule represent pi 
part and the tail portions represent the | 

part. 
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When a photon hits one of the the process over again. This results iy 
chlorophyll molecules the ab- second quinone molecule having 2extray x T 
sorbed energy spreads in about of negative charge. These quinone aie C 
200-300 femtoseconds to the ` now dissociate from the reaction E i 
other chlorophyll molecules in participate in the later stages of photosyny, á 
the ring through a mechanism sis which take place at the outer Surface fy B 
called the exciton coupling. membrane. Thus the reaction centre sen U 
a solar cell using light energy to bring D i 
SERE separation across the membran A 
made possible by the appropriate disposition amres iye cell is highly efficient; te 
and close arrangement of the chromophores EES 78 ee % oe ipa Photons, Hy th 
this energy is used in driving the electron in 


within the ring. The energy is then trans- 
ferred from one LH2 complex to another till it 
reaches the chromophores of an LH1 com- 
plex, which absorb at a longer wavelength. 
The LH1 complex then transfers the energy to 
the chromophores in its associated reaction 
centre (Figure 1). This extremely quick trans- 
fer of energy from LH2 to LHI and to the 


along the pathways of the photosyntheticpiy ji 
ments; while the other half gets stored, 


electrical potential energy across the me a, 
brane. Such depth of understanding of thi tic 
fundamental process has been made possitk qu 
only by the elucidation of the atomic struct a 


; Se as m i of 
reaction centre is facilitated by the position- Suggested Reading 1. 
7 i t i i dCom: 1S 
ing of the chromophores in each of the com- LubertStyrer: Biochemistry, W Dira a 
| h height. The nh : pany, San Francisco. 1988. eff 
piexes att SSNS egnt Ep otosynthetic J Deisenhoter, W Michel.The Photosynthetic Re co} 
process begins when the photon strikes a pair tion Centre from Purple Bactetlh cy 
| of chlorophyll molecules called the ‘special Rhodopseudomonos viridis, EMBO J. saty nO 
| pair’ situated at the end of the reaction centre. 716221987 Light Th 
rae ithin th E A W Kuhibrant et al. Atomic Model of Plant 
n electron within the special pair absorbs Harvesting Complex by Electron Crystal to 
energy from the photon and moves to a phy. Nature 367: 614-621. 1994. i e 
neighbouring molecule of pheophytin, a chlo- Mc Dermott et al. Crystal Structure a Be, i im 
oq ` ` : i ex 
rophyll-like accessory pigment, leaving the Membrane Light Harvesting aay J.s.) Me 
3 i à ae tosynthetic Bacteria. Nature 374: 517- 5 
special pair with an excess positive charge. m 


This electron travels from one quinone mol- a NRL E eA qu 
w 


. $ ith the 
ecule to a second quinone molecule on the Stephen Suresh and Gautham Nadig are W g 


A oe : 2 verte of Stem | | 

periplasmic side of the membrane. The posi- lecular Biophysics Unit, Indian Institute j pis gn 
; 2 a ptained S i 

tive charge on the special pair of chlorophyll 2 jst the 


degree from the Unit in 1995, i 
ee working for his Ph.D degree at the Unit. 47 of bri 
cytochrome C molecule permitting the spe- are in the structures function relationship’ | 


cial pair to absorb another photon and repeat molecules. 


molecules is neutralised by an electron from a 
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Uday Maitra 


In general, a chemical reaction proceeds only 
through unimolecular or bimolecular elemen- 
tary steps. This is because the probability of 
three or more molecules coming together to 
interact at the same time is negligible. So, 
chemists generally use no more than two com- 
ponents in any given reaction step. (Ofcourse, 
acatalyst may be added to accelerate the reac- 
tion). Complex molecules are made by se- 
quencing many reaction steps, each involving 
a small number of components. After each 
step, the tedious and sometimes difficult task 
of isolating the product for further processing 
is carried out. The operation would be more 
efficient if at least some of the successive steps 
could be carried out without having to do the 
‘work-up’. One-pot synthesis is therefore quite 
Popular with chemists (as with amateurcooks). 
Itwould be better ifall the ingredients needed 
to puke a molecule in a long sequence of 
reactions can be mixed at one go. But this 
ee risk that some ofthe components 
ea Reco cadi other or en one or 
ane Eers formed in Ce ie 
ES The Manner which was not PEGE 
fs would lead to the formation of 
anted side Products. Therefore, to be on 
the safe Side, chemi x CAE Š 2 
toe ae ae emists avoid puting ogc 
ce = itis at any NER time. Tee 
€ following question: what is 
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Whrs ie 
Wnaf is then 


e maximum number of 
components which can be mixed 
together to form a product? Four, 
five, six... or more? The current world 


record is:seven! 


the maximum number of components which 
can be mixed together to form a product? 


Four, five, six... or more? The current world 
record is:seven! 


A seven component coupling reaction was 
reported by Ivar Ugi and coworkers in 
Angew.Chem.Int.Ed. Engl (1993,32,563). The 
overall reaction stoichiometry is shown in 
Figure 1.1sitnot incredible that you mix seven 
reactants in a vessel, and ultimately get a 
product in 43% yield (as a 2.5/1 mixture of 
diastereomers)? Such a multi-component re- 
action cannot obviously go through a single 
step for entropic reasons. A sketch of the 
reaction mechanism is given in Figure 2, which 
makes use of simple principles of organic 
chemical transformations. Using these steps, 
it is quite easy to see that the individual reac- 
tion steps are not unusual at all. It is only the 
clever combination of the reagents that has 
produced this remarkable seven-component 
reaction. Every component seems to wait for 
its turn to react with an intermediate product 
that is formed, without interfering with the 
logical sequence of Figure 2. 


One-pot synthesis is quite popular 
with chemists {as with amateur 
cooks}. 
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+ 2 H20 + NaBr 


NaSH + Me2,C(Br)CHO 


S 


tBuNC 


NH Me0C0;7 


HS—Me,C—CHO 
NH3 
MezCHCHO 


A 
ai + 2 H20 
=N 
H 


Figure, 2 Overall stoichiometry of Ugi’s seven component coupling reaction (top). and a ration 
mechanism of Ugi’s reaction (below). 


The first step shown is a simple nucleophilic 
displacement reaction. The second step is for- 
mally a condensation reaction, in which a 
Schiffbase formed from isobutyraldehyde and 
ammonia undergoes coupling (in the proto- 
nated form) with the thiol-substituted alde- 
hyde. The protonated form of this intermedi- 
ate then undergoes a nucleophilic attack by 
t- butylisocyanide, and the resulting -N=Ct— 
unit is trapped by MeOCO, anion. Finally, 
the CO,Me group undergoes a ‘transfer’ from 
the oxygen to the nitrogen in the same mol- 
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ecule to produce 1. 


Is it possible to have multicomponent an 
ling reactions with more than seven re 
In principle yes, and perhaps some oe 
are working towards this goal! We look i 
ward to seeing an example which will be | 
Ugi’s record! 
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Discoverers of the Neutrino the turn of two of the six leptons of today’s 
and Tau Recognised Particle physics, the electron-neutrino vand 
ticles that Acquired ‘Nobelity’ the z lepton, tau, to acquire ‘Nobelity’, 
parti 
KVL Sarma Frederick Reines (University of California, 


if Irvine), now 77, with Clyde L Cowan Jr. (who 
The 1995 Nobel Prize in Physics issharedby  diedin 1974) reported the first direct evidence 
the American physicists Frederick J Reines ofthe existence of the ‘neutrino’ in 1956. The 
and Martin L Perl for their pioneering experi- neutrino js a tiny neutral particle hypoth- 
mental contributions to ‘lepton’ physics. Lep- esized by Wolfgang Pauli Jr. in 1930. Twenty 
tons, such as the electron, do not feel the five years later and with the invention of the 
nuclear force but only the electromagnetic nuclear reactor it was possible to verify its 
and the weak beta decay force. This year itis existence. ' 


] 
This year’s Nobel award in Physics is in recognition belong. A summary of the discoveries made in the | 
of two landmark experiments in elementary par- world of leptons is given in the table below. The | 
ticle physics. One provided the confirmation ofthe third generation has now started getting Nobel | 
neutrino, as envisaged by Pauli more than two prizes. It should be noted that v. still needs fo be 
decades earlier. The second discovered the heavy identified experimentally land hence the question 
charged lepton t which heralded the third, and marks in the last row of the table). For this one has , 
perhaps the last, generation of the ultimate con- to demonstrate that t's are produced directly in . 
fot stituents of matter to which the fop and bottom collisions of v, with nuclear targets. | 
| 
| 
) Generation lepton Discovererls (year) Nobel Prize (year) 
| electron e J J Thomson (1897) JJ Thomson (1906) | 
electron-neutrino v, CL Cowan efa/ (1956) FJ Reines (1995) 
ept: 
mss |2 oe 
et muon u JC Street, E C Stevenson oe 
at CD Anderson, 
i S H Neddermeyer (1936) 
muon-neutrino v, G Danby eż a/ (1962) M Schwariz, L M Lederman 
al J Steinberger (1988) 
“yes i 
a 3 
o tau t ML Perl efa/(1975) M L Perl (1995) 


tau-neutrino vV: ? 
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Martin Perl (Stanford University, Stanford), 
aged 68, assisted by a 35-member team, dis- 
covered the ‘tau lepton’ in 1975. This particle 
carries one unit of electric charge and weighs 
approximately twice as much as a proton. Ít 
has avery short life, of only a fraction ofa pico- 
second (millionth of a millionth of a second). 
Thus tau has the distinction of being ‘the 
heaviest’ and ‘the shortest-lived’ lepton ob- 
served. It is interesting that while Reines’s neu- 
trino results were in some sense expected, Perl’s 
tau discovery came as a complete surprise. 


Brief History of the Neutrino 


Neutrinos, they are very small. 

They have no charge and have no mass 
And do not interact at all. 
The earth is just a silly ball 

To them, through which they simply pass, 
Like dustmaids down a drafty hall 

Or photons through a sheet of glass. 


(John Updike) 


The ‘birth’ of neutrino can be traced to a letter 
of 4 December 1930 written by Pauli from 
Zurich. He mentioned that he had hit upon 
the neutrino as a “desperate remedy” to save, 
among other things, the principle of energy 
conservation in beta decay. The particle was 
to possess no electric charge but carried the 


missing energy and momentum and escaped ` 


the detecting equipment. The famous beta 
decay theory of Fermi appeared in 1934, 
wherein Fermi named the Pauli particle ‘the 
neutrino’, meaning the little neutral one. 


It is interesting that even the great Pauli did 
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not fully recognize the implication 
Sofy 


0 its 
ght he hs 
Cutting We j 


4 
or about 10 times larger than, a gnn 
a Ta, 


However in 1934 Hans Bethe ang Rudy 
Peierls argued that the neutrino had a 


neutrino, particularly in regard t 
etrating power. Initially he thoy 
done a‘frightful thing’ as the n 
expected to have penetrating pow, 


even more elusive as its interaction Mean 
A li 
path had to be astronomical in magnitut 


Detection of the Reactor Neutrino 


The first neutrino reaction to be observed(, 
is customary, here we are using the wor 
‘neutrino’ in its generic sense although, strict 
speaking, what Reines and his group detect! 
were signals from the electron-antineutra 
v) was the reaction. 


vA + 
V.tp—> et +n 


driven by the antineutrinos from the nucle 
reactor. This reaction is essentially thereves 
of the neutron decay 


n—>pterV, 
pairt 


The underlying idea was to look fora ‘ 
pe 


scintillator pulses; the first (prompt) 
due to positron annihilation and the ae 
(delayed) one due to capture of the a 
ated’ neutron. The experiment was perfor 
around 1955-56. Projectiles came a 
reactor located at the Savannah Rivet ng 
South Carolina State, USA, and ae it 
the protons in a solution of water os 
cadmium chloride (Cd is a good a 


psor "j 
. on tal ape 
thermal neutrons). The exper imen 
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CAPTURE GAMMA RAYS 


br 
\ 


n° CAPTURE IN \ 
CADMIUM AFTER ¢ 
MOOLAATION 


TARGET 
l PROTON 


AWHIHIL ATION 
GAMMA RATS 


BY, a” Ane ATION 


NCUTAINO 


Q) unuo seormcarion oetectoa 


lsem 


@) MpOaCeCt, (TARGET) 


©) CIQYIO SCINTILLATION DETECTOR 


Lal SMSS 


Figure 1 Schematic diagram of the neutrino 
detector of the Reines-Cowan experimeni. 


ls was a sandwich of target tanks (containing 


a solution of water and CdCl,) and liquid 
Scintillation detectors. : 


An 
i ga meant the detection of two prompt 
inc j 
ae idences (see Figure 1): the first one was 
ee 
n the two photons (each having 0.511 


MeVe 
n . . . . 
¢rgy) of the positron annihilation, and 
second coin 
Of th 


tons 


oi TR ves dug io the capture 
ae y cadmium giving a few pho- 
e T N occurred after several 
t siete i the positon flash, because 
its energy to a, a much time to degrade 
© tages € level of thermal energies in 
ater. The experiment involved, 


SSS 


among other things, measuring energies of 
the pulses, their time-delays, etc. The ob- 
served signal did vary with the reactor power 
output, and hence with the neutrino flux. It 
gave an average rate of 2.88 + 0.22 counts/hour, 
consistent with the value that is expected from 
the inverse beta reaction. In this way the neu- 
trino was experimentally verified. 


We know very little in regard to the electron- 
neutrino (and even less about other neutri- 
nos). As for its rest mass, dataon the end-point 
of the beta electron spectra only show that it 
cannot exceed a few eV. An important feature 
of v, is that it is left-handed: the spin of the 
neutrino, which has a magnitude of half a 
natural unit, is observed to be aligned opposite 
to the momentum direction. This intrinsic 
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property of the neutrino was discovered in1958 charged particles each having ą rest 
in an exceedingly clever experiment performed about 2 GeV couldeasily be produce daa Sy 
by Goldhaber, Grodzins and Sunyar. i 


— 


Anomalous Events: The ‘ anomaloyy 
Ñ 


7 y 
Experimental data using the v,’s are not ex- reported by Perl and Collaborators e 


tensive because it is difficult to obtain v, sponded to the following reactions 


beams. The sun is a good source of v, but the e tet re tut ip 
solar neutrino fluxes are not well understood t 
and constitute one of the challenging prob- — >e Ae i.p, ha 


lems of current research. Recently the first Me MS 
where ‘i.p.’ denotes invisible Particles why 2° 
a 


left no trace in the detector. The ingenuity de 
the experimenters consisted in estabists 


experiment using a man-made source of pure v, 
was performed. It made use of an intense source 
of reactor-produced *'Cr (which emits v, by 
electron capture) to calibrate the GALLEX so- 
lar neutrino detector located in Italy. 


that the oppositely-charged ep pair was, P 
result of separate decays of two new pari i 
which were oppositely-charged and sho; 


Discovery of the Tau Lepton lived. At the energy E m= 4.8GeV therene Gi 


24 events (13 e*u and 11 eu*). Ga 
Tau is a heavier electron. It entered the scene A 
unexpectedly in 1975. While the results of The occurrence of anomalous eventsasafin: 8e 
Reines needed the construction of power reac- tion of E.,, exhibited an increase aoig a 


tors, the discovery of the tau lepton needed GeV, indicating a threshold for product ea 


D 4 
high energy electron-positron colliders. Tau them. The events were interpreted as prot ben 


lepton is the third kind of charged lepton that 178 from the reaction 


exists in natu i : 
re, the other two being the elec eft e- mE ) As 
tron and the muon. (The Greek letter t is the = 
. . . . tt 
first in the word triton, meaning third). where the taus decayed immediately t 
lighter leptons. A new conservation law Bi 


The experiment was performed at the elec- rhe ‘tau-lepton number’ conservation pE 0 
tron-positron collidercalledSPEAR(Stanford sumed. According to this, in thet dea! Hi 

: 3 ff f 
Positron Electron Accelerator Ring), where neutrino called the tau-neutrino (v,)is lo 


beams of e` and e* were accelerated simulta- emitted; in the t+ decay a cava = 
neously in opposite directions in a ring and (V) is emitted. Thus the anomalous © Ra 
made to intersect. As the total center-of-mass with, say, e+ was the result of decay’ «Sta 
energy (the sum of beam energies) 80) 
t-—>e tv. tM Sta 
E mE. t E. =2E_, tt > wt + Y HN BW 
p a 

athe” 


was tunable in the range 3-8 GeV, a pair of wherein the two neutrinos 42 
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1995 Nobel Laureates in Physics 
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Martin L Perl 


Frederick Reines 


neutrinos constitute the invisible particles 


denoted earlier by ‘i.p’. 


Data gathered over the years support the view 
that the earlier e-u universality, i.e. the simi- 
larity in the properties of the e and p, can be 
extended to e-u-t universality. The earlier 
enigma regarding the existence of muon is 
thus deepened. It now becomes the so-called 
‘generation puzzle’: among the ultimate con- 
stituents of matter, why do members of one 
generation behave exactly in the same way, 
except for the mass, as the corresponding mem- 
bers of another generation? 


As for the tau mass, recent measurements at 


the Beij ing Electron Posi tron Collider(BEPC) 


in China, give m. = 1777 MeV, with an error 
which is less than 1 MeV. The relatively large 
Mass of tau implies that many final states are 
accessible for the tau decay, The availability 
of several possible channels for decay makes 
the tau a very shortlived particle. Its mean life 
is presently known to be about 


T.=3x108s, 
with 1% accuracy, to be compared with 


T,= 2.197 x 10% s, 
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Bose-Einstein Condensation 
Observed 


nigh-Tech Experiment Confirms 
N9-Standing Prediction 


Rajaram Nityananda 


eee Renecthed with the laws which 
tatistica] F collections of EE events. 
Work by M €as entered physics through the 

axwell and Boltzmann on the ki- 
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netic theory of gases, more than a century ago. 
For example, they predicted that the prob- 
ability distribution of one component of the 
velocity would be the bell shaped curve in 
Figure 1. Figures 1 a,b shows how the spread in 
velocity, (or momentum) ofparticles, decreases 
as the temperature is lowered. 


In 1924, Satyendra Nath Bose, then in Dacca 
University, discovered a new form of statis- 
tics, which applies to indistinguishable par- 


m 
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Figure 1 Probability distribution Plv) for molecules to have a velocity V along a given rection 
at a higher temperature (b) at a lower temperature. The graphs show the Maxwell-Boltng, 


distribution. 


ticles. To appreciate the new feature of his 
statistics, consider a situation in which two 
particles A and B are to be placed in either of 
two distinctguantum states l and 2. Boltzmann 
statistics recognizes four possibilities, which 
are shown in Figures 2 a to d. 


According to Bose, the last two possibilities, 
(c) and (d), should be counted only as one, 
because the particles are indistinguishable. 
Notice that this modification increases the 
probability of the two cases (a) and (b), in 
which two particles occupy the same state, in 


Figure 2 Four possible ways (a) to (d) of distrib- 
uting two distinguishable particles A&B between 
two quantum state ] and 2. (c) & (d) are the same 
where A&B are indistinguishable. 
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comparison to the case where they ocny 
different states. Bosons — particles obeyiy 
Bose statistics — are thus said to exhiti 
bunching or a preference for being in the sm 
state. The concept of discrete states, whit 
comes from quantum theory, is essential! 
this argument. 


Bose’s historic paper (see page 114) appl 
these ideas to the radiation emitted by able 
body i.e., photons. Einstein translated tb) 
paper into German for publication, haiti 
a great achievement, and took one more 
ing step forward. He applied the sam? ow 
ing rule to a gas like helium. His calcul 
showed that as the gas is cooled, the shi 
the momentum distribution become Lg 


asel 
sharply peaked than the Boltzman? 7 al 


Figure 3a). But even more important i 
special value of the temperature, a i) i 
tively new feature appears. A finite D 

the total number of particles occuPY g 


ike 
energy state. This is shown aS the SP 
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figure 3 Velocity probability distribution according to Bose-Einstein statistics, with temperature 
lowered as one goes from (a) to (b) to (c). Note the slight difference in the shape of the curve in (a) 


as compared fo Fig 1a. At the lowest temperature (c), a fraction of the molecules condense into a ‘spike’ 


at zero momentum. 


probability distribution. (Figure 3c) 


This fraction increases as one goes to lower 
temperatures. It is important to note that this 
condensation is in momentum space, unlike the 
usual condensation of a gas to a liquid, which 
occurs in position space. The other important 
feature is that this condensation is purely be- 
cause of quantum statistics. There need be no 
attractive force between the particles. 


Liquid helium shows remarkable behaviour 
at low temperatures. It is strongly believed 
that this is due to occupation of the zero 
momentum state. But the picture is compli- 
tited by the strong forces between 
neighbouring atoms in the liquid. Thus, one 
could a that the original prediction of Bose- 
a a was not experimen- 
wih the 3 - This siuacion has now crengi 
USA, o SEA, SSSR at Bonide in the 
vapour of eia ai scientists gone gilan 
tope o areas an ave metal. The iso- 

used has integer total angu- 
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lar momentum, like helium (for which it is 
zero) and hence obeys Bose statistics. The 
reference to the original paper is given at the 
end of this article. 


The density of atoms in the Boulder experi- 
ment was only about 10! per cubic centimetre 
— far lower by a factor of 10! than in normal 
matter. Thus the separation of neighbouring 
atoms was about 10* cm. To get a significant 
probability of two atoms in the same quantum 
state, it is necessary for the de Broglie wave- 
length to become larger than this separation. 
This wavelength, characteristic of quantum 
behaviour, is inversely proportional to the 
momentum which should therefore be very 
small. Since the rubidium atom is quite mas- 
sive, this requires a very low velocity — less 
than one centimetre per second! The corre- 
sponding temperature isabout 170nanokelvin 
(1.7x 107 °K!). The two remarkable technical 
feats involved are (a) reducing the kinetic 
energy of the atoms to such a low value, (b) 
keeping the 2000 atoms confined to a space of 
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size about 10%cm, without material walls 


(which would of course heat the atoms). 


The first stage of cooling is achieved with a set 
of laser beams, propagating in different direc- 
tions. (This seems strange since we usually 
think of such beams as a source of heat!). 
Their frequencies are tuned to just below the 
natural (resonant) frequency of the atom. As 
an atom moves in any direction, the Doppler 
effect shifts the frequency of an oppositely 
directed beam upwards so that it has a greater 
probability of colliding with the atom and 
slowing it down. The next stage of cooling is 
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by evaporation — as in the humble 


Mud), 
The trap for the atoms uses special] M 


: Y des: ; 
magnetic fields, as well as carefu] E 


; i : ttoly 
the magnetic moments of the atoms top i 
them antiparallel to the field. Under th by 


ay ee, 

ditions, atoms are repelled from the "o 

ki 

tic, 
also used cleverly to control evaporation 


regions, which act as walls. The Magne 


All these techniques were of course perfe 
by many researchers working for severalyey 
before being used in the final demonstrati 
of Bose-Einstein condensation. To mew 
the momenta of the particles, the trapp 
magnetic fields were reduced so that theg 
oms expanded freely, moving a distance pr, 
portional to their velocity. The spatial dis 
bution of the atoms was measured by castit 
a shadow with (yet!) another laser beam. Tk 
measured momentum distribution showelt 
spike characteristic of the lowest energy st 
in the trap. Apart from being a striking illy 
tration of basic physical principles, the č 
densation will undoubtedly find usesinp* 
sion measurements, and in exploring new) 
gimes in the behaviour of interacting aon 
low temperatures. There is poetic justi? 
the use of lasers, which depend on rhesi 
tics proposed by Bose for radiation, t0 n 
verify and demonstrate Einstein’s brili? 
extension of Bose’s work to atoms: 
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probability Theory Without 
Tears! 
Not T00 Austere, Not Too Chatty 


S Ramasubramanian 


oa 
| Introduction to Probability Theory 
P G Hoel, S C Port, and C J Stone 
Universal Book Stall, New Delhi. 1995 
pp. 258. Rs. 75 


INTRODUCTION 


PROBABILITY 
THEORY 


William Feller, in the preface to the third 
edition of his classic, observes that even in the 
1940’s few mathematicians recognised prob- 
ability as a legitimate branch of mathematics 
and that applications were limited in scope. 
Today, however, as the opening paragraph of 
thebook under review says, “probability theory 
is the branch of mathematics that is con- 
cerned with random (or chance) phenomena; 
it has attracted people to its study both be- 
cause of its intrinsic interest and its successful 
applications to many areas within the physi- 
cal, biological and social sciences, in engi- 
neering, and in the business world”. A begin- 
gt to the subject is, therefore, likely to be 
Interested not merely in the mathematical 
RED but also in the applications (espe- 
a and may want to acquire a 
Sine nee knowledge of the jargon, 
ous i eae Sis in other words 
what y e interested in understanding 
Probability theory is about and what itis 

Not about (It 3 ws 
o of he are interest the reader to pote 
Si ae views about probability: 
very often consider probabil- 
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The book assumes only a 
knowledge of calculus including 
multiple integration}: no knowledge 


of measure theory or linear algebra 
is assumed, 


ity theory to be a bag of tricks to solve combi- 
natorial problems, and the professional math- 
ematician at times dismisses it as a branch of 
measure theory. Needless to say these points 
of view reflect only two facets of the subject 
and are far from a complete picture.) Because 
of the relatively short history of probability 
theory as a “legitimate” branch of mathemat- 
ics, a beginner may be misled by obscure, 
inelegant or even inaccurate presentations of 
important concepts. (One often wonders if the 
issue of “legitimacy” has anything to do with 
gambling dens where probability theory had 
its humble beginnings.) Also, she or he may be 
put off by the mathematical hairsplitting of 
advanced treatises. A good book intended for 
beginners should avoid these pitfalls. Too 
austere an approach will make one interested 
in a working knowledge of the subject un- 
comfortable, whereas too chatty a style will 
drive away a mathematically inclined stu- 


dent. 


In this context it is very satisfying to note that 
the highly successful text book by Hoel, Port 
and Stone is now available to Indian students 
at an affordable price. The book assumes only 
a knowledge of calculus (including multiple 
integration); 10 knowledge of measure theory 
or linear algebra is assumed. After quickly 
going through some very interesting combi- 
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natorial problems, the book deals with basic 
notions concerning discrete and (absolutely) 
continuous random variables, expectations, 
moments, standard distributions, transforma- 
tionsofrandom variables, characteristic func- 
tions, central limit theorem and applications. 
A short chapter on random walks and Poisson 
processes is added at the end to serve as a brief 
encounter with stochastic processes. In other 
words, the book is ideally suited for a one- 
semester course on “non-measure theoretic” 
probability at the III B.Sc./ I M.Sc. level. 


A highlight of the book is that a proof of the 
central limit theorem is presented assuming 
inversion and continuity theorems for charac- 
teristic functions; this should whet the appe- 
tite of a mathematically inclined student. 
Another salient feature is that the sampling 
distributions of statistics are derived. Con- 
cepts are explained clearly and proofs are given 
whenever possible using only calculus. When 
proofs are not presented, what is being as- 
sumed and what needs to be proved are stated 
carefully. Examples and exercises have been 
chosen with care; exercises are designed to 
test the understanding and build the confi- 
dence of the student. Perhaps the greatest 
merit of the book is that it can be used even by 
a (diligent) student of average ability as self- 
study material. 


The reviewer, however, would like to make 
the following comments. There could have 
been more non-routine exercises to provoke 
an above-average student. It could have been 
mentioned that characteristic functions are 
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also called Fourier transforms (an 


Peek : d 
series in the case of integer ‘Ah Poy, 


variables). Some comments could an 
made concerning the need to have thes be 
of o-field; (that is, why it is not sail 
have the power set of the sample aa 3 
setofevents); this could have been dam 
chapter on continuous random variablesa 
references to advanced texts on measurethy, 
cited. (Of course, to be fair to the au 
must be said that o-field remainsan enigms 


most elementary texts.) 


To sum up, the book will serve as an excel 
preparation (without tears) for a cour: 
statistics or further study in probability they 
and stochastic processes. It will enable t 
reader to build up enough confidence touk 
on more advanced texts like the one 
Billingsley, Feller, Parthasarathy, and Ra 


Suggested Reading 
P Billingsley. Probability and Measure . (Seoni 
Edition), John Wiley. 1994. 


W Feller. An Introduction to Probability y j 
n). Wier 


Its Applications . Vol. 1. (Third Editio. 
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W Feller. An Introduction to Probability Theon? 
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P in the Americas: 
A problem? 


A Cool Objective Assessment of the 
Killer Bee Problem 


Raghavendra Gadagkar 


Killer Bees- The Africanized 
Honey Bee in the Americas 


Mark L Winston 

(a a Harvard University Press, 

Ave j T | 
Pas A Cambridge, Massachusetts, 1992. 
E pR A pp. xiii + 162, $10.95. 
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ane | ADETI 
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In the last issue of Resonance, you read about 
the honeybee dance language and how the 
construction of a robot bee helped clear some 
of the uncertainties regarding the efficacy of 
the dance language. Perhaps, in a future issue 
of Resonance, we will feature the honey bee as 
amember of an exemplary animal society. 


There is an undeniable negative side to honey 
bees for, not only do they yield honey, they 
Ak sting! Looked at dispassionately from the 
point of view ofan evolutionary biologist, the 
sting of the bee is a marvel of nature. What 
Eo s dispassionate point of view of 
P ae Bee Stings i mildly painful and 
risen Reece sugs do go aa harm 
ondi Ñ TR RE ganh is a rather 
stings EF - Bee keepers receive hundreds eh 

apparently none the worse for it. 


What about the 


ave heard F killer bee? Many readers may 


a killer bee is spreading across 
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Winston writes ; "Merely walking 
toward the colonies elicited a mas- 
sive response on the part of the 
bees, so that the situation was out 
of control before we smoked and 
opened our first colony’, 


South America and has now arrived in North 
America, killing hundreds of people and cattle 
and destroying local apiculture on its way. I 
once saw aratherstupid moviecalled The Swarm 
in which giant killer bees invaded the United 
States and destroyed anything coming their way 
including nuclear missiles! There has been so 
much media hypeon the killer bee that itis high 

time we had a cool, objective assessment of the 

killer bee problem. Mark Winston has done just 

that in the book under review. 


There are many virtues of this book. First it 
does not hesitate to tell the truth. Killer bees 
or Africanized bees as Winston prefers to call 
them, are real. They have been spreading 
across South and Central America ata speed of 
300 to 500 kilometres a year, reaching densi- 
ties of 6 colonies per square kilometre. It is 
estimated that today there are at least one 
trillion (that’s 10!2!) Africanized bees, making 
up 50to 200 million colonies in Latin America. 
Nor does Winston suppress their ferocious- 
ness. Let me quote him. “Merely walking 
toward the colonies elicited a massive 


The Africanized bee is very Suc- 
cessful as a wild or feral bee and 
makes a poor candidate for man- 


aged bee keeping. 
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response on the part of the bees, so that the 
situation was out of control before we smoked Dont throw stones at bees _ the 
and opened our first colony. Bees were every- African or Indian l sup! 
where, stinging through our layered clothing Afri 
and banging into our veils and helmets with por 
such ferocity that we could barely hear each deli 
other. It was a hot, humid day, and the combi- pro] 
nation of sweat, noise, and stings forced us to hav 
retreat after examining only a few colonies. with 
The bees followed us all the way back to the mil 
car, and we had to keep our equipment on exp! 
until we were far out of their stinging range. yon 
As we drove off, we could see the farmers A 
swattingat the bees and two of their cows were Sha 
being stung; we had to stop and move the r 


animals farther away to safety.” Writing even Som 
more candidly about the situation in the How did the problem ofthe killer bee begini. case 
United States, Winston writes “Our response the first place? Honey bees are not nativen 

to the Africanized bee entered a new phaseon the Americas; the European bee Apis mallin 

15 October 1990, when a colony of the bees had been introduced there for bee keeping 

was found...near... Texas... Thefirststinging  isnotgood for this purpose in tropical regions 
incident occurred...in May 1991...thesouth- The Brazilian government therefore ashe 

east corner of Texas is under quarantine ...the one of their geneticists, Warwick Kem! 
governor ... approved an emergency appro- import and breed bees better suited to tt 
priation of $187,000,. ... to .... assist bee keep- country. As Winston says, “for stockt) 
ers.” An equally important virtueofthisbook (Warwick Kerr) naturally looked to Aff 


is the extraordinary clarity with which Win- the original habitat of tropical honey bes Mat 

ston isable to relate theecologyandbehaviour The Kerr group knew that the African 1 abo 
. . . i t 

of the Africanized bee to its success as a killer: had a reputation for being highly agge ow 


bee. Of course I will not reveal all the details but reasoned that they could cross r eg 


but the net result is that the Africanized beeis with European bees to produce 4 hybrid l li 
very successful as a wild or feral bee and makes E 


a poor candidate for managed bee keeping. Yet As luck would have it, the nau 
another virtue of this book is the large number crossing of African bees ws 
of realistic strategies suggested for coping with local Brazilian bees did not ee d 
the Africanized bees. To learn about these, read the mild but industrious hybrids | laa 
the book! Kerr had expected. i 
ee 
— uan y 
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tle European characteristics, but the 
en 
the 8 ly high honey production, of the 


sed 
supp? » Unfortunately some of the im- 


D eian queens escaped and some were 
Ae icy distributed to bee keepers before 
j er breeding and testing. As luck would 
i. it, the natural crossing of African bees 
T tf local Brazilian bees did not yield the 
mild but industrious hybrids that Kerr had 
expected. It is said that a particularly beautiful 
woman once proposed marriage to Bernard 
Shaw with the tempting words “imagine, our 
children with my beauty and your brains!”. 
Shaw is said to have replied, “yes my dear, but 
what if they have my beauty and your brains?” 
Something similar probably happened in the 


caseofthe African-European hybrid honey bees. 


This book explains how to deal 
rationally with a biological enemy 
and a superb illustration of how 
biological and ecological research 
can truly contribute to management 
of a pest. 


Mark Winston is eminently qualified to write 
about the Africanized bees, I quote just enough 
t : 

Owhet your appetite. He writes : “In the fall of 
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Al Papin's description of his pressure cooker (1681) .. A New Digester or 
i Engine for Softening Bones, containing the Description ofits Make and Use of 
these Particulars, Viz. Cookery, Voyages at Sea, Confectionary, Making of 
Drinks, Chymistry and Dyeing, with an account of the Price a good big Engine 


Will cost and of the Profit it will afford. 
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ane i me? 
1975 I arrived at the University of Kansas to 


pursue a doctorate in entomology .. 


‘ . My super- 
visor.. 


. had just received a federal grant to study 


.. the Africanized honey bee... The first team in 


French Guiana consisted of myself, Gard Otis, 
David Roubik, their wives and children, and of 
course our leader, Chip Taylor - who periodi- 
cally came down with fresh T -shirts, mail, equip- 
ment, and lots of advice and enthusiasm.” 


The Africanized honey bee is unlikely ever to be 
a problem in India. Why then do I recommend 
Winston’s book to students in India? Because 
this book is not about narrow solutions to a 
narrow problem. It is a model on how to deal 
rationally with a biological enemy and a superb 

illustration of how biological and ecological 

research can truly contribute to management of 
a pest. Above all the book brings out vividly 

Winston’s love for biology: “Whenall the action 

programmes, controversies, and dilemmas 
caused by the Africanized bees have receded 
into the past, we will be left with a natural history 
paradigm that can only contribute to our appre- 
ciation of the biological world.” 


oo ee eee 
Raghavendra Gadagkar is with the Centre for Ecologi- 
cal Sciences, Indian Institute of Science, Bangalore 
560012 and Jawaharlal Nehru Centre for Advanced Sci- 
entific Research, Jakkur, Bangalore 560064. 
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Information and Announcements 
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The integrated Ph.D Programme in Biologi- 
smi (cal, Chemical and Physical Sciences was born 
out of the recommendations of the Forward 
[Planning Committee of the Institute which 
lexamined the future of scientific research and 
education at the Institute of Science. It was 
[felt that in spite of the major drainoff from 
science that takes place at the +2 stage, there 
pill exists a large pool of bright, interested 
students at the B.Sc. level from which a few 
fan be drawn into an Integrated Ph.D. 
Programme in the sciences with the prospect 
. graduation within a period of 5-6 
ee ented Ph.D. programme in 
tia yess te was started in the acas 
sine -91, followed by maysa] Sg 
O oe year 1991-92 and Biological Sci- 
p year 1992-93, 


Introduction 


The 
Pro, 

Tain; Sramme represents a novel attempt at 
ig and de 


veloping high quality profes- 
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|| Integrated Ph.D Programme in Biological, Chemical and 
Physical Sciences at Indian Institute of Science 


sional scientists in India. The basic idea is to 
induct a small number of talented, strongly 
motivated young students at the B.Sc. level 
and impart to them sound, well-balanced sci- 
ence training (biology, chemistry and phys- 
ics) in an atmosphere of contemporary, active 
research. 


About the Programme 


The Institute now offers the Integrated Ph.D. 
Programme in Biological, Chemical and Physi- 
cal Sciences for candidates with first class 
B.Sc. degree who have a flair and aptitude to 
pursue research in any one of these 
programmes. The programme consists of flex- 
ible course work with emphasis on research- 
oriented laboratory projects to impart train- 
ing in laboratory skills and techniques, fol- 
lowed by advanced research with special em- 
phasis on an interdisciplinary approach. The 
course work is carefully designed to provide 
basic education in any one of the branches of 
science (biology, chemistry, physics) and the 
formal training needed for quality professional 
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research; it also provides wide scope for self- 
learning. The laboratory programme is of an 
internship-type where there are ample oppor- 
tunities to learn and avail of personal training 
in all aspects of advanced laboratory tech- 
niques. Students are expected to take advan- 
tage of the computer network of the Institute 
including Internet to access the world of sci- 
entific knowledge. The programme includes 
tutorial classes, problem solving sessions, fac- 
ulty advisory system and a multitude of av- 
enues for carrying out research in various 
science disciplines. All candidates admitted 
to the programme are awarded an interim MS 
degree at the end of three years after successful 
completion of course work and the compre- 
hensive examination. The students are quali- 
fied to appear for the UGC/CSIR/NET after 
successful completion of the course work and 
project. The admission procedures, graduation 
requirements and other details about the 
programme are given below. 


e Biological Sciences 


Participating Departments/Centres: Biochemis- 
try, Ecological Sciences, Genetic Engineer- 
ing, Reproductive Biology & Molecular En- 
docrinology, Developmental Biology & Ge- 
netics, Molecular Biophysics, and Microbiol- 
ogy & Cell Biology. 


Areas of Research: Biomembranes - physical 
and physiological studies; structure-function 
of nucleic acids; gene structure and function 
in prokaryotes and eukaryotes; microbial ge- 
netics; sex determination; recombinant DNA 
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technology; molecular Virology a 
nisms of disease processes; Br, M 
tein chemistry and engineering; a R, 
applied immunology; molecular ee 
ogy and reproductive biology; conga 

ofbiomolecules and biopolymers; py e El 
virus crystallography; structural an a . 
tational biology; mathematica] col Parti 


man ecology; behaviour and Sociobiol Arca 
i Are 


be tems 


i 
< 


t pligi 


=) 
aS ess 


conservation ecology; plant molecular 
ogy and development. 


stron 

daly A pak 
Eligibility: First class (as declared ty ¢ siona 
university) B.Sc. in physical, chemicalo}: resor 


logical sciences (including pharmaceytg tact < 
veterinary and agricultural sciences), andf 
chemistry as one of the subjects at theB% cond 
level, and mathematics or physics atthe, comp 
plus 2 level. 


o Chemical Sciences 


wens Eli 


Participating Departments: Organic C 
gp versit 


try, Inorganic & Physical Chemistry, 
State & Structural Chemistry and Mat 
Research Centre. 


„i 
i 


ical 
Areasof Research: Ultrafastchemiei j | 
i ; ‘ R chen- 
ics; theoretical chemistry; surface 


and catalysis; solid state chem 
thin films 
nthetic 0^ 
peni 


phous materials; ceramics, 
istry of super-conductors; SY” 
chemistry; physical organie F ot 
biomimetic chemistry andhig sist 
istry; organometallic chemistrys° i j 
transition & non-transition metals 


try of polymers. 


fo 
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First class(as declared by the univer- 
th chemistry as one of the main sub- 


BSc. wi eel 
d mathematics at the PUC/plus 2 level. 


° physical Sciences 
ating Department: Physics 


Areas of Research: Physics of disordered sys- 


tems; high-temperature superconductivity; 
P] 


strongly correlated electron systems; low-tem- 


perature physics; complex fluids; low dimen- 


; sional conductors; quasicrystals; magnetic 


resonance; Raman spectroscopy; point con- 
tact and tunneling spectroscopies; structure 


« and function of biomolecules; physics of semi- 
. conductors; phase transitions; dynamics of 


complex systems; plasma physics; solar, stel- 
lar and galactic astrophysics; quantum field 
theory; classical and quantum optics; compu- 
tational physics. 


Eligibility: First class (as declared by the uni- 
versity) B.Sc. with physics as a main subject. 


Selection Procedure 


Th ‘ ‘ + Ne 
€ selection of candidates for admission is 


For admission to Integrated Ph.D 


® Physical Sciences 


® Chemical or Biological Sciences 


solely on the basis of their performance in the 
entrance test followed by an interview. The 
candidates selected based on their entrance 
test performance, appear for an interview at 
the Institute. The entrance test is held at 14 
centres located in various Parts of the country 
and the candidates have to answer any one 
paper of 3 hours duration. The advertisement 
for admission to this programme appears in 


all the major newspapers in February/March 
every year. 


Entrance Test 


Candidates have to choose an appropriate pa- 
per among the following for admission to the 
chosen Ph.D. programme (biological/chemi- 
cal/physical sciences): 1. Biological Sciences; 
2. Chemical Sciences; 3. Physical Sciences. 


Each question paper consists of two parts 
(Part I & Part II). Part I carries 30 marks. 
The questions in Part I are of the objec- 
tive type and cover general ‘scientific 
aptitude’ in physics, chemistry, math- 
ematics and biology. Part I of the ques- 
tion paper is common to all the papers 


and is compulsory. 


Paper to be answered 
Physical Sciences 
Chemical Sciences or 


Biological Sciences or 
Physical Sciences 


Part II carries 70 marks and contains prob- 
lems and questions requiring short answers. 
Candidates are required to indicate their choice 
of the paper in the application form and the 


answer book. Changes are not permitted. 


Financial Support 


All the students admitted to the Integrated 
Ph.D Programme receive some financial sup- 


Digitized by Ana PORMATIGIRION RON CLANKCEPAEQOTS 


portin the form of scholarship forth 
years. The students are eligible S lsty, The 


ship of Rs.2500 per month from the}, ofS 
; Epi 
of the third year. sil and 
ASU 
Nat 
—— o 
S Chandrasekaran is a Professor in the Depart Rest 
Organic Chemistry, Indian Institute of Scienc th; 
Co-ordinator of the Institute's ne 2 
programme. hy tis 
ticif 
of th 


Introductory Summer School on Astronomy and Astrophys func 
~ opm 


The Introductory School on Astronomy and 
Astrophysics, proposed to be held during May 
29 - June 8, 1996, at Pune, is designed to 
introduce the students of physics, mathemat- 
ics, electronics engineering and technology to 


will 
the exciting fields of astronomy and ay suite 
physics (A&A). No previous knowledge: 
A&A is necessary. although familiarity wi 
the basic principles of mathematics andph: 
ics will be required. 


In plain paper, in the following format: 1. 
name; 2. sex; 3. date of birth; 4. address 
for communication; 5. qualifications (stan- 
dard X onwards) with institution/year/sub- 
jects/class/grade/percentage of marks 
obtained; 6. short write-up giving motiva- 
tion for applying for the school; 7. previous 
summer schools attended, if any; 8. names 
and addresses of two referees (these ref- 
erees should be teachers/project guides, 
etc.); and 9. signature with date. 


The applicants should request the above 


How to apply 


referees to send their confidential assesi 


ments/recommendations in separates 
velopes. Applications and referee repos 
should reach the Coordinator a 
Programmes, IUCAA, Posi Bag l 
Ganeshkhind, Pune 411 007, {phone: 
351414, fax: (0212) 3507601 by Mat 
1996. 


q 


| 
The selected candidates will be wot 
by April 15, 1996. They will be a 
travel, board and lodging for the $ 
of the school. 
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and host 
4 and 7 
d Astronomy 


‘chool will be funded by the Department 
j -and Technology (DST), New Delhi, 
ed by Inter University Centre for 
and Astrophysics (IUCAA) and 


The 
of Scienc 


tational Centre for Radio Astrophysics 
O ofthe Tata Institute of Fundamental 
(N 


Research, Pune. 


Iris expected that about 35 students will par- 
ticipate in this programme. The programie 
of the school will consist of lectures, covering 
fundamentals of A&A as well as pose devel; 
opments in the field. In addition, participants 
will take part in individual projects under 
suitable guidance. The lecturers for the School 


Murray Gell-Mann's discovery ... As an undergraduate at Yale, | had 
managed to get high grades in science and math courses without always 
understanding the point of what I was learning. In most cases, it seemed, 
what was required was merely to regurgitate on examinations what one 
had been fed in class. My views changed when | attended one of the 
sessions of the Harvard-MIT theoretical seminar. | had thought of the 
Seminar as some sort of glorified class. In fact, it was not a class at all, but 
a serious discussion group on subjects in theoretical physics, particularly 
the physics of atomic nuclei and elementary particles. Professors, post- 
docs, and graduate students from both institutions attended; one theorist 
would lecture and then there would be a general discussion of the topic he 
had presented. | was unable to appreciate such scientific activity properly 
because my way of thinking was still circumscribed by notions of classes 
and grades and pleasing the teacher. {from 7he Quark and the Jaguar: 
Adventures in the Simple and the Complex. 1994) 


will be drawn from the leading A&A centres 


in the country, so that the Participants will get 
an exposure to the work being done in these 
fields. There is a Possibility for a few mo- 
tivated students to spend an additional 


week at IUCAA / NCRA after the 
school. 


© Eligibility: 


Students completing their 
Ist year M.Sc., (physics/applied math- 
ematics/astronomy/electronics) or 3rd 
year B.E.,/B.Tech. in 1996 can apply. 
Exceptionally bright and motivated stu- 
dents completing their B.Sc. (Physics) in 
1996 may also apply. 
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Resonance -journalofscience education is primarily targeted to undergraduate Studentsa 

teachers. The journal invites contributions in various branches of science and empha 
lucid style that will attract readers from diverse backgrounds. A helpful general rule is hoa 
least the first one third of the article should be readily understood by a general audien, q 


Articles on topics in the undergraduate curriculum, especially those which students o 
consider difficult to understand, new classroom experiments, emerging techniques andi 
and innovative procedures for teaching specific concepts are particularly welcome, te 


submitted contributions should not have appeared elsewhere. 
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Manuscripts should be submitted in duplicateto any of the editors. Authors having accessio 
PC are encouraged to submit an ASCII version on a floppy diskette. If necessary the editors? 
edit the manuscript substantially in order to maintain uniformity of presentation and toeni 
readability. Illustrations and other material if reproduced, must be properly credited; 
author's responsibility to obtain permission of reproduction (copies of letters of perm s 
should be sent). In case of difficulty, please contact the editors. 


Title Authors are encouraged to provide a 4-7 word title and a 4-10 word sub-title 
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yerse today: So also the electromagnetic interaction which 

, the ice canwell understood at the classical level], Although it is 

| o apetis influence can be felt over arbitrarily large j 
; ae albeit with decreasing goos in order for it to be 
“fective iD cosmology, the major constituents of the universe 
would have t0 beelectrically charged. The observations indicate(as 
pey did in the 1920s) that matter on the large scale is electrically 


Cier ; 
eutral, and so this force is also ruled out of contention. 
ni ’ 


Physicists today know 
This left gravity — another long range force which though very or esserti ioi 
weak at the atomic level, comes into its own at the cosmological basic interactions in 


nature: the strong and 


scales of large masses as in the case of galaxies and clusters of 
the weak interactions 


galaxies. However, it is here that the Newtonian picture becomes 


me suspect. For, it involves the concept of instantaneous gravitation- wajali describe the 
' alaction ata distance which is inconsistent with special relativity. microscopi Des ary 
Newtonian dynamics also needs to be revised so as to be consistent of subatomic particles, 
with special relativity. By 1922, Einstein’s general theory of me clectiomagnen 
sig Telativity was already being established as a theory that was free HKD wheel 
i ‘tom the above two conceptual difficulties and in better agree- ces 
between electric 


qi Ment with the solar system observations. Thus it was natural for 
gis Friedmann to use the framework of general relativity to describe 
the simplest cosmological models. 


charges, at rest or in 
motion, and the 
gravitational i 
interaction which is 

none other than that 

first quantified by Isaac 

Newton three 

centuries ago. 


th 
7 The Einstein Universe 


IA 
é ie ue Kaeo: as h subject is now known, started even 
gi a Friedmann’s Ones work. i 1917, Einstein 
Geer ied etn to obtaina simple relativistic wi) of the 
astatic ak e had made the assumption that ie GENRES was 
the expandi m. A that time there was no con e evidence o 
« oking for n universe (Hubble’s result camein 1929) and so, in: 
» 10g that maya DE model, Einstein was pone right in assum- 
18 no large scale motion in the universe. 


OWever £ q ; 

his y i Finstein soon discovered that there is no static solution 
Clativics: i : 

5 lution eae equations! Rather than look for a dynamical 

u € Friedmann did five years later, Einstein sought to 


in 


FG 
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In 1917, Einstein 
himself attempted 
to obtain a simple 
relativistic model of 
the universe; but he 
had made the 
assumption that the 
universe was a 
static system. 


What do we mean by 
the ‘mass’ of the 
universe? How can an 
infinite system have a 
finite mass? The 
answer fo this query is 
that the universe is 
unbounded but has a 
finife volume. 
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modify his field equations so that he could get static n 
: : ; Solty; 

this he had to introduce a ‘cosmological term’ describing Nivy Hub 

cosmic force of repulsion. The rationale for Einstein a with 


can be understood by the following simple argument My bis g 


Imagine two masses m and M separated by a distance po 
er 
Newtonian framework. If the two masses are left to sia | expa 
Emig 


they cannot remain at rest but will move towards each othe, The 
an attractive force GmM/r*. To have a static Situation We: 
introduce a repulsive force Ar which will balance the abont 

if the distance r is adjusted to be Thus 

becat 

r = (GmM / A)". Neve 

impo 


Here) isaconstant. In Einstein’s general relativistic formulati: to th 
constant À appears in the same spirit but the mathematical deni! 
different. Einstein called it the cosmological constant. Its effec: The 
whole universe was to adjust its radius so that the repulsive: 
exactly balances the gravitational contraction of the unive! Duri 


radius of the universe is then given by the formula unive 
main 
pa 24 713 
R=[2GM/(n c7A)] Binet 
where M is the mass of the universe. (Note: the dimensiont! GLe 
3 A D out s; 
different from that in the Newtonian example.) 3 i 
a 
; i) Vatio 
What do we mean by the ‘mass’ of the universe? How i Bes 
ney. i 
infinite system have a finite mass? The answer to this quel] i 
can 
the universe is unbounded but has a finite volume. How af Me 


be unbounded but finite? The answer is that in Biase 
the universe is the surface of a hypersphere in four dist 
Just as the two dimensional surface of an ordinary spre 
R is finite and has an area equal to 4nR’, the three dim 
surface of a hypersphere is finite and has a finite volun 
2n2R3. In both the examples, there is no boundary "° h 
it is unbounded. Thus it is perfectly Jegitimate w 
unbounded but finite system. 


spit 
Ke 


Einstein’s model, however, did not remain 1 


o Digitized by Arya 


On} 
te 
Dt, 


nl 


“yde 


ee 


ies discovery became well established. Einstein himself 
Hubb wy it along with the cosmological term Saying that it was 
pe blunder! Others may disagree. For example, in 1917 
his ee wrote a paper in which he solved Einstein’s equations 
vn the A-t€7™, and obtained a model in which the uniyerse 
wit ds with a scale factor that increases exponentially with time. 
cae constant for this universe is given by 


H = [(1/3) Ac?]!2, 


ti Thus this model is apparently closer to reality than Einstein’s 


because it expands. But it isn’t, because this universe is empty! 
Nevertheless, as we shall see, the de Sitter universe has played an 
important role in cosmology in different contexts. We will return 
to the A-term later in the series. 


| The Simplest Friedmann Models 


l During the early twenties, however, the notion of the expanding 


universe was not established and thus Friedmann’s models re- 
mained of academic interest and were not widely known; even 
Einstein did not show any enthusiasm for them. Later in 1927, 
GLemaitre (a priest!) and H P Robertson independently worked 
out similar models. And in the mid-1930’s Robertson and A G 
Walker independently produced a mathematically rigorous deri- 


ice!) Vation of the geometrical features of space and time starting from 
yi 3 Symmetries of the Weyl Postulate and the Cosmological 
a ‘unciple(seepart 2 of the series). For this reason these spacetimes 


soe ate called the Robertson- Walker (R-W) spacetimes. 
eas 


Positive Curvature 


A+B+C >180° 


SERAF Boundatiqne Ghennai and eGangotri 


Einstein's model did 
not remain in 
contention once 
Hubble’s discovery 
became well 
established. Einstein 
himself withdrew it 
Saying that it was his 
greatest blunder! 


Figure! Surfaces of differ- 
ent curvatures: The figure 
illustrates the idea of curva- 
fure for two dimensional 
surfaces. The flat surface 
has zero curvature, the 
sphere has positive curva- 
ture while the saddle shaped 


surface has negative curva” 


ture. If triangles are drawn 
on the three surfaces their 
internal angles will add up 
to 180°, more than 180 
and less than 180° respec- 


tively. 


Negative Curvature 


A+B+C <18 


“~ 
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In the mid-1930's 
Robertson and AG 
Walker independently 
produced a 
mathematically 
rigorous derivation of 
the geometrical 
features of space and 
time starting from the 
symmetries of the 
Weyl Postulate and 
ihe Cosmological 
Principle. For this 
reason these 
spacetimes are called 
the Robertson-Walker 
(R-W) spacetimes. 
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The three-dimensional spaces described by the na 
timet = constant in the R-W spacetimes can be Shon, ty 
a single parameter k which specifies what type of oa a : 
spaces have. Fork =0 we have spaces of zero curvaturenhis 
the flat Euclidean geometry that we are so familiar E 

everyday life. For k=1, the spaces have positive cia 
these are similar to the space in Einstein’s universe, Thes é 
are called closed and they have the feature that if we ont 
straight line in any direction, we would return eventually 
starting point. (Analogy: going in a ‘straight’ line on thy. 
would bring us back to where we started). The spaces sin 
k=-l, likewise have negative curvature and describe an, 
universe. (Analogy: the surface of a horse saddle.) The nae 


k is therefore called the curvature parameter. 
i] 


The simplest solutions obtained by Friedmann had all t: 
possibilities for the curvature parameter. Einstein’s equati: 
relate this to the contents of the universe. But what didi 
universe contain by way of matter? The simplest modest 
matter in the form of ‘dust’, that is, pressureless fluid. Thisis 
idealization of the real universe which has small random mii 
of galaxies and hence very small cosmic pressure. We will ee 
to this aspect in part 4 of this series. | 
The formidable Einstein equations reduce under these 0} 
tions to just two relations which describe the linear seale 
S(t)as a function of time in terms of the curvature parametl 
the density p of the universe. These relations are given bit 


S? p = constant 


[(dS/dt)? + ke?]/S? = gnGp / 3- 
ervation of a 

; opo" f 
ds in p! wi 


i 


The first relation is simply the law of cons 
tells us that as the linear size of space expan 
its density falls as the inverse cube of S. The second i 
dynamical one which tells us that the rate of espan 
slower by the gravitational attraction within the ae 


idh ; 


[fv 
wh 
P. 


App 
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w fwe solve these peor together, we Bet S(t) as a known function 
Ml which, in the special case of the ae universe would correspond to 
p3, The following nonn are sie 1n general. All three types 
bh t of solutions have similar beginnings. The universe ‘begins’ its 
ih existence at the stage when S=0. It expands in an explosive 
te fashion (dS/dt —> °° I —> 0) at an epoch a finite time ago. 
Thereafter it either continues to expand till S becomes infinite 
(k= 0-1) or its expansion comes to a halt and it contracts back to 
w -§ = 0 (fork = 1). 


Some Cosmological Parameters 


af How do these models relate to Hubble’s law? A simple analogy 
with a laboratory system will illustrate how the Hubble constant 
| can be obtained from the expanding Robertson-Walker models. 


ui: Suppose you heat a metal ruler. It will expand. Let the function 

ddi 5() describe how the original length/ of the ruler grows with time. 

es Keeping S(t)=1 at z=0 we say that the expanding length of the 

is, TUler is /S(¢). Thus, when seen from one end of the ruler, the other 

noi: End appears to move with velocity /dS/dt, whereas the distance 

ee between the two ends is 1S(t). Hence velocity divided by distance 
is (dS/dt)/S, which is the ‘Hubble constant’. 


i Apply this analogy to the cosmic ruler between two galaxies and 


Scale factor 


Cosmic Time ——> 


What did the 
Universe contain by 
way of matter? The 
simplest models had 
mafter in the formi of 
‘dust’, that is, 
pressureless fluid 
This is an idealization 
of the real universe 
which has small 
random motions of 
galaxies and hence 
very small cosmic 
pressure, 


Figure 2 Three simple 
Friedmann models: The fig- 
ure shows schematically how 
the scale factor changes with 
cosmic time in the three dif- 
ferent Friedmann models. 
Curve | corresponds to the 
flat case (k=O), curve II to 
the closed case (k=i) and 
curve lll fo the open case 
(k=-J). All three curves meet 
where the axes Intersect. 
This point, identified with 
the Big Bang event has the 
scale factor equal fo zero. 
We may consider the cos- 
mic clock to start ticking 
from this epoch. 
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The past epoch when 
the scale factor S/i/ 
was equal to zero is 
called the epoch of 
Big Bang. 


Suggested reading 


J V Narlikar. The Primeval 
Universe. Oxford Uni- 
versity Press. 1988. 

H Bondi. Cosmology. Cam- 
bridge University Press. 
1960. 

S Weinberg. Gravitation 
and Cosmology. Wiley. 
1972. 

Very technical but a 
classic. 
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you get the observed Hubble constant as H 
H=(d S/d t) / S. 


A rigorous analysis based on general relativity confi 
simple minded derivation. The analysis also gives he hy 2? 
l A 


— 


1+ 2=S(t,)/S(¢,). 


Here the redshift z is the fractional increase in the Wavelengt, dey 
light from the observed galaxy. It is assumed that light Ihe Vo 
galaxy at the earlier epoch ¢, in order to reach us at the Te mo 
epocht,. Since the observations show thatz > 0, we conclude ritt 
the scale factor of the universe has increased between 1, andy, 


That is, the universe is expanding. In 
con 


The three types of Friedmann models are also distinguished}! the 
the density parameter which is usually denoted by Q. Ifwetakeh seq 
flat (k=0) model, then calculations tell us that the cosmic deny then 


p, is related to the Hubble constant by a simple formula: basi 
we ( 

Ope 3H? if (8nG). sent 

whi 


We then define the density of any other model by the formul ia 


p=Qp, 


Again, detailed calculations show that for the closed (k=l) m0 


Q > 1, whereas for the open (k= -1) models we have acs We 


We will refer to p, as the critical density or the closure dens): bt 
num 


The Big Bang whic 


i) 
The past epoch when S was equal to zero is called the epoch! i. 
Bang. At this epoch the density is infinite and so is the oa inter 
spacetime. In fact, standard equations of physics break i p NO 
physicists encounter what they refer to as a singularity: Clet y w bh 
is no justification for pushing our mathematical model venti” 
in time beyond the Big Bang epoch. Cosmologists likeri t í Itis; 
epoch with the origin of the universe. In the next parto sight ade 


e 
will examine the state of the universe at epochs very close 


=. 
Z 


(0 
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Algorithms 
2. The While-Construct 


Sh oor e 
fin R K Shyamasundar 
In this article, we consolidate the introductory concepts Eae 
developed in the previous article of the series (Resonance, | | 
A Vol.1, No.1) and develop the iterative construct, one of the | A | 
At A : | E 
r most important control constructs used to describe algo- | Š 
M rithms. | 
ndi E ; À a at 
' In the last article, we learnt about assignment and other basic R K Shyamasundar 
commands which are imperative commands to a processor. Fur- | is Professor of 
eit} ther, we discussed the basic control structures which include | Computer Science at 
i b A 7 y TIFR, Bombay 
osition and the test (or more specifical s £ 
ket: sequential compos ( p ly, the if | who has done extensive 
en; then-else) construct. Using these constructs, we developed the research in various 
basic flowchart language for describing algorithms. In this article, | foundation areas of 
we continue the discussion of control constructs and their repre- | cempura seene 


sentation using flowcharts. We describe the ‘while-construct 


sil which is one of the most widely used iterative control constructs 
for describing algorithms. 


_ Iteration i 
mode 
03 We mies ia) cus 
y ' oncluded the last article with the question: “Is it possible to | 
iy. : q 

obtain a concise flowchart to find the sum of the first N natural NO 
Mmmbers?” We hinted that it was possible, by using a construct in i 
whi : : 
hich the number of times a set of commands is executed depends E 

heh, ON È A YES 3 
ib On the values of certain variables. Such a construct, referred to as 


f the 9 . j 
nu While-construcr’, is shown in Figure 1. The construct is 
p nte r ; 
We a4 eted as follows: Test for B; if the test leads to the answer 


ye t O”, then we have reached the end; otherwise the control goes 
a? “block 5 


í > after which the process repeats. 
i” ae Figure 1 An important al- 
„í tisi 
y z qe to note that B is false (usually denoted by 4Bwhere gorithmic construct called 
0 


4 “Sthe logical Negation unary operator)onterminationofthe ‘while loop: 
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In the 
while-construct 
the number of times 


a set of commands 
is executed 
depends on the 
values of certain 
variables 


Euclid's Algorithm 


We learn to compute the 
greatest common divisor 
(gcd)in our primary school 
arithmetic classes. Al- 
though popularly known 
as Euclid’s Algorithm, it 
was described by Euclid’s 
predecessor Eudoxous. 
The ancient Chinese had 
also discovered this algo- 
rithm. 
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a 


while-loop. The textual representation of the Construct 
is; 


while B doS endwhile 


When these operations terminate, we can assert that 
HF 
complement of B) holds. Bh 


Example 1: Going back to summing the first N natural number 
s, 


We describe an algorithm that can be used for any N, Theite 
to keep track of the numbers we have already added and eit 
we have added all the N numbers. The flowchart shown in Fig 
2 describes such an algorithm. We see that the same algorit 
works for any value of N (fixed a priori). The textual algorit 
(referred to as ‘code’) corresponding to the flowchart is giver: 
Table 1. This algorithm solves the problem of adding the fi” 
natural numbers for any value of N. We may add the box ‘ta! 
shown in Figure 3, to the top of the flowchart given in Figure?) 
accomplishes the task of substituting the value of N int 
flowchart of the given program. In other words, when read Ni 
executed, the variable N takes the value from the given input 


Example 2: Euclid’s Algorithm. 


ae 


— 


We now describe Euclid’s algorithm for computing the g“ 
ndn. By sy 


if 
ff 


mean the largest positive number that exactly divides botha | 
r both the numbes®i 
quite 


common divisor (gcd) of two positive integers m a 


n. Anaive way of obtaining the gcd is to facto 
take the common factors. However, such a schemes 


i w% 
The Greek philosopher Euclid provided a better solution i 


sq’s al orth” 
Euclid’s * etl P 


problem. Let us see the reasoning behind 
be equal to gcd (m,n) where m > n. Then, we observe 
is w 
@ x<n since n <m. That is, the maximum value oft" 
by the smaller of the two numbers (i.e., by n): 

© x = n implies that n exactly divides m- 
e From the definition of gcd, we see that ged (m, 


n) = 


lection, Haridwar 


en 
Pr 
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pene 


en a een 
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count = 0 


N 


Qoo < 


N 


=sum +i 


count := count +] 


m 


Table 1. Textual representation of the flowchart 
Count :=0; 
sum: = (0 ; 
iss ] ; 


While (count < N) do 


sum :=sum +i; (*sum contains the sum of first /numbers *) 
boisi (* increment /to get the next number *) 
Count: = count +1; (* count counts the numbers added *) 


endwhji 
f While {* sum contains the sum of first numbers *) 
Prinfsum $ 
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Figure2 A flowchart to sum 
the first N natural numbers 
(N to be read Separately), 


Figure3 Box 'read N' to be 
composed with the flow- 
chart of Figure 2. 
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ə Letussuppose that does not exactly divide m, Th 
m =pxn+rforsome p and 0<r< n. We can cong 
x must dividen and r. This follows since x mee in 
the numbers m and n. Can we say anything strona i | 
can say that gcd (m,n) is the same as gcd (n,r) (follows ra 
definition of gcd). The same argument can be applied i 
n. Note that the bound on the candidate for x R i 
each time; now x is bounded by r. This is a can k 
ensuring that the algorithm terminates. T he 


en, We 


= 


Assuming m is greater than or equal to n, the flowchan in 
f 


computing the gcd is shown in Figure 4. The operator remy | 


Figure 4 Flowchart for 
computing gcd (m,n) using 
Euclid's algorithm. 


ri= m rem n 


n is the GCD 


The greatest 
common divisor (gcd) 
of two positive 
integers m and 7 is 
the largest positive 
number that divides 
both mand n. 


ie 
exp 
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here is defined by: premg = remainder obtained on dividing p by 
q. The trace of Euclid’s Algorithm for m =8 andn = 6s shown 


in Table 2. 


Now let us see how we can informally argue that the algorithm 
indeed computes what we want. For convenience, we have í 
labelled the arrows in the flowchart. By observing the flow of i 
information, we can assert the following facts at the labels: 


| © At label A: ris set to the remainder obtained on dividing m 
byn. Hence, 0< r<n; m and n remain unchanged (i.e., 
m=pxn +r assuming m >n). 

® AtC: the remainderr is not equal to zero. 
| © AtD: m is set ton and n is set to the remainder. Also, we have 
i m > n. Can we say that the gcd of the original m andn and the 
mi hew m andn are the same? From the discussion given above, 

_ Wecan indeed assert this statement. 

° AtB: The remainder r is equal to zero — leading to the gcd. 


i 
| Example 3: Computing a factorial. 


The familiar definition of factorial is 


fact (n) =n! = 1x2x...xn, n>0. 


How do The algorithm for 
; we derive i i ? g 
“press facr (i) in aii e a f B, ys Ea computo AEA 
í of the fact (j) for j < i. Note tha 
! (fact) uses the 
Í fact (1) = il (1) recurrence relation 
fact (i) = 1X...Xi (2) that fact (/+ 1) equals 
fact (i+1) = 1x...xixG+) (3) fact (/) x +). 
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The reader may observe that 
various interesting programs 
can be developed along the 
same lines for computing the 
‘sine’ function from its series, 
the ‘Fibonacci numbers’, etc. 
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Assuming fact (0) = 1, and combining (2) and (3) we a 
following relations (recurrence): 


fact (0) 
fact +1) 


l 
( 
fact (i) x (i+1) p son 


Now, we can get a simple algorithm using the relations (Aani two 
In the algorithm, we start with an initialization of fact (0)wk! 1 ar 
The successive factorials can then be obtained by multiplying! By 
immediate preceding factorial (computed in the previousste? (6). 
the next natural number. The algorithm is described in i 


Example 4: Finding the ‘integer’ square root. 


. 2 . ; i 
We devise an algorithm to find the approximate (integer) 
root ofa fixed number n > 0. For example, the integer squat / 
ote : ; gt 
of 4 is 2, integer square root of 5 is 2, and integer square! 


is 3. That is we have to find an a such that 
( 
a? <n < (a+1} 


The basic scheme would be to start from a g00d gue F J lnt 
on to the next guess if the number chosen does not pi 
required property. It is important that when we mog w 
current guess to the next guess we do not miss thea ll 
we are looking for. Thus, starting with 0 as the fis d 
incrementing it by one every time till (6) is satisfied l 


ally yield the result. But it will be too ‘expensiv®: 


~ fee ees 


e Digitized by Arya SaR esindatian eRgnnai and eGangotri ee ca : 


ding the integer square root of 7“) aaa t i | t 
i {* lowest guess *) 
oe 
(* largest guess *) ; 
on 


(* +. denotes integer d acon 
eer 


pe ae | To find the integer 
endif gaat- +. kja square root the 
basic scheme 
would be to start 
from a good guess 
and move on to the 
next guess if the 
number chosen 
does not satisfy the 
required property. lt 


hie 


something from the relation (6) itself. We simultaneously guess a 
lower bound (say/ )and an upper bound (say u)and update these 
ali two bounds appropriately. At the initial stage, 0 is a candidate for 
uk ? andn+1 isa candidate for u. Next, how do we update / and u? 
yigé By taking the square root of the numbers involved in the relation 
(6) we can derive the following relation 


a <Vn < (atl) (7) is important that 
when we move 

Thus, a is bounded above by Vn. Let us try to reduce the interval from the current f 

(Lu) by half, by setting / orwto(J + u)/2 such that the condition guess to the next 
\ l< wisstill satisfied. The reader can check that this strategy will guess we do not i 
ar not skip the number we are looking for. Note that/ will never miss the aciual aa 
nit Teach the upper bound. This idea has been used to develop the number we are f 

algorithm described in Table 4. looking for. 


Exam RES 4 
ple S: F inding an ‘approximate’ square root. 


is In the Previous section, 
ot” "teger square root of 
w sidered as a crud 
ys? Umber, Let us see w 


we developed an algorithm for finding the 
a number. The integer square root can be 
€ approximation to the square root of a 
A Udo hether we can modify the above technique 
i | ios the square root of any positive number such that it 
from the actual square root by at most some given tolerance 
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a : e 


The important limit. Since square roots of natural numbers need noth 
. . . z e 

question in iteration numbers, such a modification will permit us to fin a ty 
een 

is: “ When do we root of decimal numbers also. It may be pointed aa i ey 
tha; 


th ( 


N 


stop?” We stop general, we cannot compute the exact value of the ş quar 
when the iterates a number, as the number may not be representable A ul ia 
stop decreasing, machine accuracy. o | E 
i.e. when there are x 
no more Now, we will adapt the above algorithm (given in Table x 
representable values compute the approximate square root of a number. Letys a y 

with the given thatx, > Ois the first guess of the square root of the given me 

machine accuracy. a; aisassumed to be apositive non-zero number. Then, aft, i f 
an approximation to Va and Be 
alx < Va if x, Va the 
} alx > Ja if x Va. a 
| $s 


The interesting fact is that the average of x, anda/x,, syy! wh 
also an approximate square root and satisfies the property roo 


x, >Va No! 


i The equality holds only if x, = Va. Note that it is notneca’ © 
that x, be greater than or equal to Va. We can repeat the proc ( 
obtaining the next approximate square root; then, theii i 
i approximation (denoted by x; , , ) is given by 


| 

| x; 1 = @; + alx; )/2 ì i 
The fact that the new approximate square root is bettertt? 
earlier one follows from: o 
E E l 
From this relation, we infer that the value gets refined i 

process of finding the next approximation from the cur f 
The successive approximates ofx, are referred to as the d The 
note that each iterate is better than theearlierone> 4 ent ‘qu 
question is: “When do we stop?” We stop when te "w ie 

decreasing; in the above case, they stop decreasing m A I 
no more representable values between Va and x" cy” = 

machineaccuracy. Suppose error represents theaccu a 
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tty, 
Te 


gE 5. 


finding the approximate square root of A *) 
i. i] À 
(* Ais the given number *) 


EENEN 


Finding the Approximate Square Root 


moa: 


g= Ái 
ee ("error is the given accuracy *) 
xold = K; (* initial guess * 
xnew = xold + a/xold)/ 2; (* refined root * 
while new — xold) > Edo 
xold := xnew, 


xnew := \xold+ a/xold)/ 2; * refined root *) 


endwhile 


the number can be represented in the given computer. Then, we 
can stop whenever (x; , ,—x; )is less than or equal to this quantity. 
Assuming that we have been given an initial guess and an error 
which can be tolerated, the program for finding the approximate 
root is given in Table 5. 


Note the following: 


è The division operator ‘? used in Table 5 denotes the usual 
division operation and not the integer division operation used 
in Table 4. 

Unless the initial guess is the correct guess, the equality in 
the relation among the iterates does not hold. Thus, if we start 
with an incorrect guess even for a natural number having an 
exact square root, we will not get the exact root using this 
Method. 

The number of iterations before the program terminates de- 
Pends on the starting values (initial guesses); it is of interest 
t0 note that there are procedures to arrive at these initial 
guesses for the technique discussed above. 


Th : 
€ method described above for computing the approximate 


Squar, , 
the f; © toO is referred to as Newton’s method for finding Va after 


am a 
Ous English mathematician Isaac Newton. 


ln 7 
abe S, we have essentially solved the nonlinear equation 
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(serene a: 


Iterative Method 


| Inaniterative method, we 


compute a new approxi- 
mate solution in terms of 
the previous one. The new 
approximation should be 
better than the old one. 
Iterative methods are 
sometimes called trial and 
error methods. This is be- 
cause each successive it- 
erate relies on the degree 
by which it differs from the 
previous one. For this 
method to be of value, itis 
necessary to show thatthe 
refined solutions eventu- 
ally become more accu- 
rate. Further, one should 
define a condition for stop- 
ping the iterations as in 
most cases the iterate will 
never reach the correct 
answer. However, finding 
such conditions is difficult. 


The reason for referring to 
the while-construct de- 
finedin the earlier sections 
is also based on these 
observations. 


a z 
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The method for x2 = a. The method can be extended to find the pù — 
> T09 Ot 
i ne 0 
computing the equation x m and it is usually referred to aş the © Neg Mg 
approximate Raphson method. 
square root is 6 
Discussion 3 
referred to as 1 j 
Newton's method In the previous sections and the previous article, we ka In! 
. | e kay 
for finding va, after several constructs such as: assignment and basic comm M 
i ai rt 
the famous English sequential composition, if-then-else, and the while const a 
mathematician Tuct,, use 
can categorize these constructs into two classes: 
Isaac Newton. pro 
© Imperative Commands: These are instructions to the procesy son 
"o ofa 


Constructs such as assignment and other basic comma, — 

belong to this class. | 

© Control Commands: These are commands which reflect À 

way in which the various instructions are sequenced. Thi, |D 

then-else statement provides conditional sequencing of i 

structions, and the while-construct provides conditions 

quencing based repeatedly on a given condition. Thesem: | G 

structs are referred to as control structures. The control structs 

abstract the way the commands can be executed on a machit 

Such an abstraction is often referred to as control abstraction 

must be evident to the reader that one can devise varit 

other control structures. For instance, one can devise am a 

struct where the control enters the statement block firstat!! 

tested at the end of the statement block execution. This 

different from the while-construct where a condition ste 

before entering a statement block. One such constructs? 

repeat-until construct. For example, repeat S until B et Ps 

can be interpreted as: Repeatedly execute S until the cont 

B holds. Thus, when the statement terminates, we cal 
clude that B holds. 


ated 


Address for correspondence 
R K Shyamasundar 
Computer Science Group, 


ù 
i a: Bes alto 
Having looked at the above basic constructs, iris natur 


_ Tata Institute of following questions: 
i Fundamental Research, 4 gf 
i ha Road, ; allp 
pomiehabna Roc © Are the above mentioned constructs general fot 


Bombay 400 005, India. ; 3 
ming purposes and if yes, in what sense: 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


y 


= Digitized by Arya Sarai EGundatiop 6pgnnai and eGangotri ee 


~ —— 


e o Inthe description of algorithms and prog 
ty what is the role of control abstraction? 


rammi age 
ming languages, We can categorize the 


constructs studied so 
far into two classes: 
imperative 
commands, which 
are instructions to the 
processor and confrol 
commands, which 


o What are the inherent limitations of the algorithmic Processes? 
aie articles in this series, we will show that these constructs 

A powerful and can be used to encode ay algorithm. In the next 
» article, We will discuss puea. abstraction and one very widely 
a ised programming technique called recursion in the context of 
i procedural abstraction. We will also provide a relative compari- 


reflect the way various 
son of the iterative and the recursive constructs in the description 


instructions are 
“1 of algorithms. sequenced. 
at aiii — 
Suggested Reading 
tt 
hed) D E Knuth. Art of Computer Programming. Volume 1. Addison-Wesley 
i : Publishing Co. 1972. 
E W Dijkstra. A Short Introduction to the Art of Programming. Computer 
als Society of India. 1977. 
Clb G Polya. How to Solve It. Princeton University Press. 1973. It is a pleasure to acknowledge 
ote RGDromey. How to Solve it by Computer. Prentice-Hall of India, New Delhi. the critical constructive com- 
hit 1990. ments and suggestions from ~ 
def ee the series editor. | 
ion! 
arios 
By | The ultimate folly... “The worst thing that can happen — will happen (in the 1980s) — 
ant! ai j e A + - 
T IS not energy depletion, economic collapse, limited nuclear war, or conquest by a 
ie 
yl NE.. $ i 
i totalitarian government. As terrible as these catastrophes would be for us, they can be i 
ist repaired within a few generations. The one process ongoing in the 1980s that will take i 
a? millions of years to correct is the loss of genetic and species diversity by the destruction of i 
i > 7E ` Pee yr i 
d Natural habitats. This is the folly our descendants are least likely to forgive us.” Æ O Wilson, 2 
no i 


Harvard Magazine, January-February 1980). 


if? tal The discovery of the Mobius strip ... In 1858, a scientific society in Paris offered a prize j 
for the best essay on a mathematical subject. In the course of coming up with an essay E 
for this competition, August Ferdinand Mobius, a mathematician in Leipzig, Germany, 

discovereq the surface that now bears his name. It is called the Mobius-strip. 
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3. Towards a Geometry of Space and Time 


After spending about a 
decade at the School of 
Mathematics, 
TIFR, Bombay, 


Kapil H Paranjape is 
currently with Indian 
Statistical Institute, 
Bangalore. 


ICaptured by the following 
verse or worse: 

If the theorem isn't true 

Then the sky isn't blue 

Which is so absurd 

That the truth you must have 
heard 
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Geometry 


Kapil H Paranjape 


In the first two articles of this series the author dee 

Euclidean geometry, coordinate geometry, tigen 
and measure theory. In this article he introduces a att 
Euclidean geometry and discusses tangents to curye ‘ es 
surfaces. These seemingly different notions will be brows ab 
together in the future when he discusses differential geome 


Working at Parallel Purposes 


In 
; aE Tae } val 
Parallel: A pair of lines in a plane is said to be parallel if they don fol 
ol 

meet. 
Th 


Mathematicians were at war with one another because Euclii jp, 
axioms for geometry were not entirely acceptable to all, Arc: 

medes, Pasch and others introduced further axioms at gy 
thought that Euclid had missed a few, while olf By 


mathematicians were bothered by the non-elementary natu’ ear 
the parallel axiom. They wondered if it could be proved on 
basis of the other axioms. y Fr 
pal 
One form of the Parallel Axiom of Euclidean Geometty 4 x 
f: 
There is exactly one line that is parallel to a given lino and anc 
through a given point not on tt. jò 
By constructing a pair of right angles it is not hard to shore ‘ 
the remaining axioms) that there is at least 0”? paral is Of 
required by the above axiom (exercise). So we are uP yw t 
close and only need to show that the line js uidi gf Be 
mathematicians devoted much of their careers rothispP™ ay) the 
the method of reductio ad absurdum (reduction t° absu 
a 


- | oo — 


uclii 
Arc 
th 
ott 
uei 
ot 


\ 


Horizon 


attempted to derive (from the supposedly wrong hypothesis that 
there is another parallel) a number of ‘results’ that would seem 
absurd. The most successful in this was Saccheri. Many of his 
‘results’ actually became theorems in non-Euclidean geometry — 
results which he thought were wrong! 


Indeed, Lobachevsky and Bolyai showed that there is a perfectly 
valid geometry in which the parallel axiom is replaced by the 
following: 


There are at least two lines that are parallel to a given line and pass 
through a given point not on it. 


Subsequently, Poincaré, Klein, Beltrami and others refined non- 
Euclidean geometry. It was shown that Euclidean and non-Euclid- 
ean geometry are equi-consistent — one is as consistent as the other. 


From a different perspective artists had all along pointed out that 
parallel lines do meet at the horizon (Figure 1). In fact all pairs of 
ane lines meet and parallel lines are singled out by the fact 
at their point of meeting is at the horizon. The horizon is itself 

nother line (called the line ‘at infinity’). A perfectly consistent 
S*ometry can thus be formed with the axiom: 


Ther, 
eare no parallel lines. Any pair of coplanar lines meet. 
Ofeo 
"rse, the axioms of separation need to be modified somewhat 
Romer modate the fact that every line becomes ‘circular’. This 
ee ty 1s the projective geometry of Poncelet which reappeared as 
elliptic geome 


try of Riemann. 


to accom, 
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Figure? A matter of per- 


spective, 


Euclidean and non- 


Euclidean geometry are 
equi-consisteni — one 
is as consistent 

as the other. 
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Figure 2 Geometry on a 
sheet of paper. 


The Local Axioms 


Incidence. Each pair of dis- 
tinct points determines a 
unique line and so on. 
Dimension Any two 
planes that meet have at 
least two points in com- 
mon. There are four non- 
coplanar points. 
Separation . Each point on 
a line divides the line into 
two rays; each line on a 
plane divides the plane 
into two half planes and 
so on. 

LUB property . Given a se- 
quence of points A, anda 
point 8 so that A, is be- 
tween A, and £, i.e. B is 
an upper bound for the 
As, there is a point C 
which is a least upper 
bound. 


The existence of so many parallel choices for the Parallel ayy, PS 
appears to spell trouble since it calls into question the; into, in 
tion of co-ordinate geometry. (We recall from the first ati thi 
this series that the introduction of co-ordinates depended in an 
parallel axiom.) However, it was shown by Klein, Beltran 


others that coordinates are a natural consequence of the axiomy G 
‘local space’. (Note that there can be no talk of parallels sinem j 
lines which might meet ‘far away’ do not meet in the given regin} On 
see Figure 2). More precisely we restrict ourselves to the axiom Th 
incidence, dimension, separation and the least upper bout ail 


property (LUB) — axioms that appear to be satisfied by asm pa 
region of space surrounding us (see box). It turns out that theri all 
a natural way to embed such a geometry in co-ordinate geomet tap 
(so that the lines embed as lines, planes as planes andsoon).Tl tin 
we can safely return to the study of co-ordinate geometry stl! 

with the knowledge that all non-Euclidean phenomena can 

found there. wh 


ctical-minded peo’ ing 


A question that perhaps still nags pra i 
ort 


whether the geometry of the space around us is Euclidean 


ech 
The first person to try to test this was Gauss but the scale "e 3 Th 
or Sp? 
was not large enough to show the non- -Euclidean nature a Tul 
ravitall 


In this century as a test of Einstein’s theory of 8 D 
‘curved’ nature of space was finally shown. 


Wh 

Time to Take Off on a Tangent a 
NE 

Tangent line. A line with the maximal order of contact with frui 
curve at the given point among all lines through this P g Ne 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


—  » oon — 


igitized by Arya SafRFESNdad gy feyganai and eGangotri 


— 


a ete people have wanted to know how fast or slow things change 
ables 


WEA crude way of doing this 5 to measure the change that 
oe place ina specified amount afime or to use a stop watch to 
29 asire how long it takes to achieve a specified amount of 
displacement. In the interests of OES one must use smaller 
vndsmaller time periods. To {hoy this logic to its limitone must 
usea zero time period but that is apparently absurd. The word limit 
ty inthe previous sentence givesa clue to thecorrect approach—and 
oy this is how ‘instantaneous velocity or derivative was finally given 
cleg analytical meaning. However, this analytical definition of deriv- 
My ative in terms of limits really came much later with the work of 
ai Cauchy and Weierstrass. Newton and Liebnitz argued on the 
m pasis of other concepts. 
Cees 


gin One was the use of ‘infinitesimals’ — or infinitely small entities. 


Ms: This was vehemently argued against at the time? but is in fact 
hit! quite a straight-forward algebraic method which can be made 
mi perfectly valid when the position is an algebraic (or more gener- 
heri ally, analytic) function of time. As an example, to find the instan- 
mi taneous velocity of an object occupying the position (¢+22, 23) at 
Ths time t we substitute (¢+h) in place oft, 

set 


cant (CHA) + (+h), (¢+h)3) = ((¢-+02)+(1+20)h, (2) + (302)h) 


when h is an ‘infinitesimal’ such that h? is zero but A is itself not 
3 : f ; 
3 zero’. Now the coefficient of h, that is (1+2r, 3t?) gives the 


E instantaneous velocity ‘vector’. 
orl 
mi) The Ate 
si second method was based oni what is now called the Liebnitz 
on nile of derivation, There are in fact three rules 
D hs 
8) = Df + Dg ; Daf) = a Df; D(a) = (Dfe + f (De) 
y . 
ae and g are functions and o. a constant. Combined with the 
Dice’ : 
A i: es Dt = 1 we easily see that D(t + 22, 3) = (1+2t, 31’). This 
4 eer algebraic method and one that has been used very 
Fi lly in commutative algebra in the recent past. 
A) 
gi New ; 
A l as principally a mathematician whatever some other 


Since time 
immemorial — or ot 
least since time 
becarne measurable, 
people have wanted 
to know how fast or 


Slow things change or 
move. 


“It is not accepted by many 
teachers today; so don‘tuse this 
method in your exam papers! 


Those who find this difficult to 
digest can think of the matrix 
01 ) which has the same 


o o/7 property. 
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Figure3 Tangentfoacurve. 


people may tell you! At least he was a geometer since he Bare, A 
geometric definition of instantaneous velocity by means of x ca 
tangent. First, one considers the trajectory as a curve with ty D 
plotted as one of the axes; in the example above we hay, 0! 
parametric curve (x(t), y(t),t) = (t+1?,1,t). Theslope ofthetang,  ™ 
line (as defined above) with respect to the time axis gives tų 


derivative (Figure 3). W 
| we 

Thus the study of nebulous physical quantities like time (si Hs 
cu 


justified to treat it as one of the axes — i.e. a real variable?)at 
dubious analytic constructs like limits (at least until the work 
Cauchy and Weierstrass) is replaced by the clear’ geometri! 


4Clarity is clearly in the eye of notion of tangents. l 
the beholder! > 


Another way to look at tangents is by means of the ‘appa . 
locus’. This is how the curve will appear at a specified point tt 
person constrained to move along the given curve. 


%, 
Pere Leone sÀ 
This becomes clearer if we consider higher dimensional tans 
5As opposed to the usual no- Since an ant is constrained to move along the surface of the@® | 
tion of bird's eye view the ap- which we may assume to be a sphere, at any position it! 
parent locus can perhaps be à 7 f Janet 
the earth to be planar — this plane being the tangent? 


called fhe ant's eye view! fins 
sphere at that point 5 (Figure 4). The locus ofall tangenti = 
he horizon ap b 


makes up the ‘apparent horizon’; this is how t ‘ 
Jocus: 


to an ant constrained to move along the given © 
apparently simple notions play an important ae ee 
since they allow us to study tangency even for more ©? p A 
situations. (Exercise for the adventurous: What is mg 


horizon of the locus x?+yz-x3=0 at the origin?) 


maportast 10 


Figure 4 Ants eye view. : 
Differential calculus thus becomes the most ! 


A 


nce | M 


’ $ A 
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hich one can study the more general loci that co-ordinate 
i metry allows us to introduce. 
geo 


| Summary 


sl A non-Euclidean geometry is ite where the notion of parallel line is 
changed to include a multiplicity of parallels. Even such a geometry 


eth can be given co-ordinates. Thus co-ordinate geometry wins the day. 
fik Differential calculus is the most useful tool in the study of co- 
tiy ordinate geometry. This explains why most undergraduate studies in 
eth mathematics begin with calculus and analytic geometry. 

pee 

Sth 


We will now take a break for rumination (or to chew gum). When 

we return we shall see how Gauss and Riemann put together the 

} above tools so that today even an ant can decide whether space is 
i curved. 


Suggested reading 


HSM Coxeter. Non-Euclidean Geometry. University of Toronto Press. 1961. 
A good introduction to projective geometry and other non-Euclidean 
pat geometries. 
if, tl D Hilbert. Foundations of Geometry. Open Court Publishers, La Salle, 
J Illinois, USA. 1971. 
A more advanced treatment can be found in this book. 


í D Hilbert and S Cohn-Vossen. Geometry and the Imagination . Chelsea, NY, 
gt 3 USA. 1952. 


af A difficult but juicy book. 


g R Courant and H Robbins. What is Mathematics? Oxford University Press. 
í 1941. 


A must-read book for a look at real mathematics. 


K lay The manifold genius of Helmholtz... The Dictionary of Scientific 
opi Biography lists Hermann Helmholtz’s eminence in the following 
io fields: energetics, physiological acoustics, physiological optics, epis- 


ing his work in non-Euclidean geometry. 
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temology, hydrodynamics and electrodynamics — without mention- 


Differential calculus 
becomes the most 
important tool with 

which one can 

study the more 

general loci that co- 

ordinate geometry 

allows us to 

introduce. 


Address for correspondence 
Kapil H Paranjape, 
Indian Statistical Institute, 


8th Mile, Mysore Road, 
Bangalore 560 059, India. | 


This series on Geometry 
will resume in May 1996. 
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Know Your Chromosomes 


2. The Strong Holds of Family Trees 
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Vani Brahmachari 
is at the Developmental 
Biology and Genetics 
Laboratory at Indian 
Institute of Science. 
She is interested in 
understanding factors 
other than DNA sequence 
per se, that seem to 
influence genetic 
inheritance. She utilizes 
human genetic disorders 
and genetically weird 
insect systems to 
understand this 
phenomenon. 


Terms italicized in the 
main text are explained in 
the glossary on page 39. 


30 


CC-0. In Public Domain. Gurukul Kang! 


Vani Brahmachari 


We continue the series with a discussion on family h 
pedigree analysis and the mapping of genes through lnia 
studies. 


Kings, canine breeders and geneticists worry about pedigre 
cytogeneticist while dealing with a suspected genetic din 
asks the patient for a family history and draws a pedigre iy 
(Figure 1) which shows if there are other family members hay; 
the same disorder and whether there is any sex bias in its ony} 
rence, i.e. does the disorder occur in males more often that 
females or vice versa. 


Chromosome Sets and Gene Locations 


We know that most organisms including humans, are dipl 
which means that each gene is present in at least two copies! 
fact, some genes in the human genome are present in mul 
copies. You can well imagine that when one copy gets badit 
other one can take over just as two musicians can fill infe 
other in a concert. If one stops singing, the concert does atl 
to stop but can continue, perhaps as well as before. A si 
situation occurs in the case of most genes on chromosomeslt 
which are the autosomes. But the X and Y chromosomes! 
if this m” 
ni 
stops singing, the concert comes to an end. The X chromo j 
the female still enjoys the luxury of having 4 second n i 
males have only one X chromosome. They arè haploid “al 
Y chromosomes. Now does it make sense to say that a a 
a gene located on the X chromosome is expressed m 
often than in females? For most genes located 02. hein 
we see no such sex bias. 


are like single musicians singing in a concert; 


lfection, Haridwar 
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[_]—nermat male 


(C) -normal temale 
W-ctiectea male 


@-sttected female 


There are about 357 loci mapped on chromosome 1 so far (Ist 
September, 1995). The word loci (singular locus) is used instead of 
genes because there can be a disease state mapped on a given 
chromosome, for which the specific gene has not yet been identi- 
fied. Locus is the term for a chromosomal region where a trait is 
mapped. There may be more than one gene in the region respon- 
sible for the trait, For instance, there is a locus termed neuroblas- 
gma on the short arm of chromosome 1 in band 32. The gene 
Position is denoted as 1p32. The information known in this case 
eo a defect in this region results in an increased susceptibility 
“uroblastoma. This band itself comprises about 3 million base 
: ae sa capable of housing 50-100 genes. PEAS: the trait 
rae Maas can be due to a defect in one or more 
disease-t P region, On the other hand, Maple syrup urine 
on see P can be called a gene because it is known that the 
called reise a Polypeptide chain of a altaya SHE enzyme 
eine cc -keto acid dehydrogenase. In this particular example 
quence is also known. But often the terms locus and 
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Figure! Pedigree analysis 
of Antithrombin deficiency 
In a family with thrombo- 
phlebitis. This analysis shows 
that AT3 deficiency Is an 
autosomal dominant disor- 
der. (Taken from EW. Lovrein 
et al /n Cytogenetics and 
Cell Genetics (1978) 22, 319- 
323), 


There are about 357 


loci mapped on 
chromosome 1 so far. 
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Deficiency of AT3 
leads to disorders 
related to 
inappropriate blood 
clotting like 
‘thrombophlebitis’ 
and ‘acute aortic 
thrombosis’. 
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gene are used as synonyms. ; 
Pedigrees Help Determine the Mode of Inherit 
ane 


Chromosome 1 is one in which the largest number ve a 
been mapped. It is also the first human autosomeon whicha ay 
locus was mapped. As mentioned in the previous article tal d 
nance, Vol.l, No.1) there are several approaches to i 
genes. In this case I willuse the example of antithrombin Ifa M 
and describe gene mapping by the classical genetic approach, 


H 
Antithrombin is an &-globulin protein found in the plasma. lty lo 
as the principal inhibitor of thrombin and other coagulat, y 
factors in blood. Deficiency of AT3 leads to disorders relate, g 
inappropriate blood clotting like ‘thrombophlebitis’ and ‘am y 
aortic thrombosis’. Patients die prematurely because of tht j 


clotting in vital arteries and veins. There are several familii 
where this deficiency occurs. One such pedigree or family cat a 
shown in Figure 1. When the male marked as ‘proband cament! of 
doctor’s attention, the family history of the patient and hispiré p 
as well as the AT3 phenotype in all available family membesri Aa 
documented. An analysis of the data presented in Figure th 
the following features: i 


lin 

a) Both males and females in the family are affected. J ge 

b) ThefatherI-A,butnotallhischildren has the disease Onje br 

50% of the children of an affected parent have the disord# | co 

c) When a child is affected, we see that at least one of te i 

has the disease. y E 7 

d) When both the parents are normal, none ofthe children br 

Based on these observations one can draw certain oo a 

This disorder is not sex chromosome linked because g ani 
and females are affected. Only one of the two AT? E p 

father I-A has is defective, as there are normal aio ish : 

y { 


progeny. Genetically he is said to be he rhe 
against his wife who is homozygous for not™ a 
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dons (c) and (d) would lead one to conclude that it is a dominant 


disorder. T his means that whenever an individual has one defec- 

n Ż ; 

: rive copy of the gene and the other is normal, he or she expresses 
p the disorder. In technical terms the individual shows the disease 

ita 


phenobye’- Thus, we conclude that AT3 deficiency is an autosomal 
i dominant disorder. 


(Ray, 
in Mapping by Linkage 
Having determined the mode of inheritance, the next task was to 
localize AT3 to a specific chromosome. In experimental animals 

a one can interbreed individuals with selected phenotypes. For 
| instance, one can set up a mating between a brown eyed female The large size of 
al with AT3 deficiency and black eyed male with normal AT3. human populations 
at Similar matings using several pairs of animals with different and the fact that 
combinations of eye colour and AT3 gene can be set up. Let us individuals who show 
T assume that with respect to the phenotype of the AT3 gene deviations from 
chat (normal versus defective) and eye colour(brown versus black), the normal development 
eto offspring always receives the parental combination of the two and physiology are 
pare phenotypes; i.e. whichever offspring inherits AT3 deficiency also brought to medical 
on inherits brown eyes. In the example described here one concludes attention, make it 
wë that AT3 and eye colour genes are close together and are not possible to obtain 

_ Separated by genetic recombination. This is an instance of genetic information to map 

linkage which means that AT3 is closely linked to the eye colour human 
wif gene. Assuming that one knows the chromosomal location of chromosomes. 


brown eyes one could then map AT3 to the same chromosome. Of 
d | course, this approach is not possible in humans who marry with 
pe total disregard to the needs of geneticists!! In spite of this, the 
Í large size of human Populations and the fact that individuals who 
4 show deviations from normal development and physiology are 
A } ine to medical attention, make it possible to obtain informa- 
J oth map human chromosomes. To identify the exact position 
aa ' © gene on the chromosome other approaches are required, 
these will be discussed in subsequent articles. 


hh the Specific ca 


o seof AT3, linkage studies were done with several 
Wn traits or 


markers in various families that had been kept on 


Riso 
a NANC r 
E / i 
| March 1996 CC-0. In Public Domain. GufuKul Kangri Collection, Haridwa eer 


| Digitized by Arya Samaj Foundation, į and eGangotri 
SERIES | ARTICLE 5 - 


Genetic Recombination = 

insi 

Recombination is the process of exchange of genetic of the distance between the genes, The aa is 
material between homologous chromosomes. Re- distance between two genes, the higher thei, ea 


combination during meiosis results in the formationof bination frequency; 50% being maximum, in ie obs 
gametes (sperms and eggs) with combinations of case the genes will behave as if they were tig map 
genes different from those present on parental chro- different chromosomes. To map a new gene bay map 
mosomes. The progeny ofsuch matings willgenerate on recombination frequency one should have alg | mol 
individuals with combinations of traits not present in number ofknown genes oneach chromosomesofy 
the parents. The frequency with which recombinant this parameter of distance and recombination fequ, 
individuals occur in a pedigree, provides an estimate = cycan be reliably assessed. | 


Parents 


Recombination | thei 


No recombination e ati 
during meiosis during meiosis 


a D 
Types ot C Ce) 


Gametes 


(Sperms& a 5 


Progeny 


Parental type Parental type Parental type Parental type Recombinant 


eee Ways 


A and B are two traits that have two alleles (forms) A, a; B, b. 1] 


Each box represents an individual. The 

“the 

It was found that a record with different investigators. It was found 2 : to de 

blood group called group called ‘Duffy’ is inherited along with AT3 hic: ie Proce 

‘Duffy ‘ is inherited expected by chance alone. Duffy is an antigen 02 = a ait a 

along with AT3 more like A, B or the Rh factor. It was originally detecte ; f T 
often than expected named Duffy. The Duffy blood group represen a 

by chance alone. mapped to chromosome 1. In this particular cas? r 
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„g several pedigrees or families, Duffy blood group was present in 
po individuals who also had an abnormal looking chromosome 
ho Localization of Duffy to chromosome 1 was based on this 
y i vation and the linkage of Duffy to another locus Previously 
a i d to this chromosome. This was the only approach used to 
in a genes on human chromosomes till í modern methods of 
sej molecular biology were dedoned ue applied. In the case of AT3 
1e these methods have helped in localizing it to a defined band on 
hi chromosome | and in identifying the protein product encoded by 
ue the gene. The first description of the disorder was made around 
the year 1965, it was mapped to chromosome 1 in 1978 and the 

~~ gene sequence was identified in 1983. One can imagine the effort 
required to complete these analyses which involve chromosomal 

} mapping, identifying the gene, sequencing it and understanding 
its function! But methods of disease management, principally by 
the injection of anticoagulants, have not changed much over the 
decades. What good is it to dissect the disease process to its 
"ultimate molecular basis when one cannot correct it? It is hoped 
| thata molecular understanding would lead us to the correction of 
| gene defects at the DNA level. I will discuss some of these aspects 

_inarticles at the end of this series. 


a| AsI mentioned before there are more than 300 genes mapped on 
p _ chromosome 1. There are source materials that provide all the 
a information known about these genes. What I have done here is 

to provide an abbreviated map which indicates the genes known 


to cause Specific disorders (Figure 2) and the biochemical path- 
Ways they affect (Table 1). 


A The challenging route from chromosomal location to identifying 

W ote and pinning down the functional defect is too intricate 

y Pro Scribe in one article. Future articles will deal with this 

j% : na One aspect at a time. Just as hybrid plants and animals 

se Been Created for improving farm products, hybrid cells have 

i tami s one of the essential tools for genetic analysis. We will 
ne this aPproach in the next article. 


| 
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Figure 2 A diagrammatic 
representation of chromo- 
some 1, as seen under a 
Nght microscope after 
glemsa banding (Aj, a dia- 
grammatic representation 
Indicating the bands used 
as landmarks for chromo- 
some identification (8), 
schematic showing the po- 
sition of genes listed in Ta- 
ble (C). 


The author would like to thank 
Sanjeev Khosla for help in ac- 
cessing databases on Internet. 
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Table 1 A Listing of Representative Loci Mapped to Chromosome }, a 
Gene/disorder Chromosomol Location Mode of Ie 
1. Fucosidosis (FUCO) Ip 34 Autosomal | 


The disorder is due to deficiency of fucosidase enzyme leading to accumulation of the Sugar fucos 
h 


tissues. Neurological deterioration, growth retardation, seizures and early death are the Manifestation 


the disease. i 


2.  UDP-galactose-4-eplmerase deficiency (GED) 1p 32 Autosomal recor 
The enzyme epimerase is involved in the interconversion of galactose and glucose. Deficiency leads} L 


seizures, requires external galactose. 


3. Liver, Alkaline Phosphatase, Ip 36 Autosomal recess, } 


Hypophosphatasla (HyPP) 
Enzyme acts as a lipid anchored ectophosphatase. Seizures due to accumulation of pyridoxal-5' pho | 
Í phate which interferes with neurotransmitter levels. One of the forms is fatal in infancy. Adult form leadh 


| i skeletal abnormalities and premature shedding of teeth. 


4. Porphyria cutanea tarda (PCT) ip 34 Autosomal domha 


Disease results inlightsensitive skin lesions, fragile skin due to deficiency ofuroporphyrinogen dicarboxys | 


an enzyme involved in biosynthesis of heme. A rare instance where an enzyme deficiency is dominonin 


its effect. 


| 
X 
dont 
5. Complement component-8 C8 deficiency (C8) Ip 32 Autosomal 
Deficiency leads to defect in immune system resulting in frequent bacterial infections spec! 


and meningo coccus. 


6. Uridine monophosphate Kinase (UMPK) Ip 32 
UMPK catalyses conversion of uridine monophosphate to uridine diphosphate. Deficiency 
impairment of effective immune reactions resulting in susceptibility to infections. 


7. Peroxisomal membrane Ip 22-p21 
protein. PX MPI Zellweger syndrome (ZS) 
Peroxisomes are single membrane bound organelles of cells, involved in oxida 


tion of fatty ac E ; 


of PXMP1 leads to absence of peroxisomes in liver and kidney and to early death. 


aridwar 
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~ ec 
j Gene/disorder Chromosomal Location Mode of Inheritance | 
ancy Y| g 3-B-hydroxy steroid ip 134 , y | 
zy dehydrogenase delta isomerase {HSD} H 
Sig This enzyme is involved in the biosynthesis of testosterone. Defect in the enzyme leads to excretion and 
eh incomplete masculinization in males and mild virilism in females. f 
Nsg ae De a. f 
9, Elliptocytosis (ELU Ip 34.2-p33 Autosomal recessive | | 
| The disorder is due to a defective membrane protein of red blood cells. Results in elliptic shape of RBCs 
ze anaemia and gall stones. Removal of spleen relieves the symptoms. 
ds = WE i 
10. Charcot-Marie-Tooth Disease (CMT) Iq 22 Autosomal dominant j 
a This locus codes for a myelin protein. Mutation in the gene leads to neural disorders like CMT, and 
my } sensorineural polypathy. 
pis | Ni. Flavin containing mone Iq 23-25 Autosomal recessive 
adst oxygenase 2 (F02) 
This enzyme mediates oxidation of amino-trimethylaminase (TMA) derived from diet. Defect leads to 
E excretion of TMA in urine, fishy odour of the body, anaemia and psychosocial problems. 
inani x 
sja 12. Hypokalemic periodic paralysis (HPP) Iq 31-32 Autosomal dominant 
n ; ; 
a The gene codes for a calcium channel protein that controls entry and exit ofcalcium ions. The defective gene i 
a leads to weakness and paralytic attacks accompanied by low levels of potassium in blood. 
i 
$) 
in {| 13% Cardiac treponin-12 (TNNT2) iq 32 Aufatonai (Re 
iss Troponinis a muscle protein. This specific variety is made onlyin heart muscles. Defect inthe gene manifests 
__ | S cardiomyopathy. 
a) 
ons 14. Lip-pit Syndrome (LPS) Iq 32 Autosomal dominant 


| No specific gene is identified. But a deletion or loss of DNA sequences from this region results in cleft palate 
A and deformities of the upper lip. 


a : Angiotensinogen (ANG) 1q 42-943 AE ts z 
i ; “gene codes for angiotensinogen which is a precursor of angiotensin Ii involved in elevating blood 
fessure, : 


pet 
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Glossary 


Allele: One of an array of possible forms of a given gen 
distinguished by their differing effects on the e hey 
Manifestation ofa 
trait. 
Dominant and Recessive allele: An allele that expresses its effect 
3 eveni 
presence of a different form of the same gene is called a domi t 
inantay 
The allele whose effects are overridden by t 
y the dominant alleleis 
be recessive. 
Genotype: The specific allelic constitution of genes of an organism 
suis } orig 
Genetic linkage: This means that two or more genes in questionare locas 
the same chromosome. The proximity of the genes is estimat 
recombination frequency. 
Heterozygosity: A condition of having one or more pairs of dissimilaraly. 
Homozygosity: This means having identical rather than different an 
the corresponding loci of homologous chromosomes. 
Homologous chromosomes: Chromosomes that pair during meiosis, Honi 
gous chromosomes contain the same linear sequence of genes anda 
consequence, each gene is present in at least two copies. | 
Locus: (plural loci) The position that a gene occupies on a chromos 1 
Pedigree analysis: Analysis of ancestral history or genealogical registre] 


family tree drawn to show the inheritance patterns for species 


typic characters. 

Phenotype: The detectable manifestations of a genotype in “ 

Plasma: Fluid portion of the blood made up of proteins. 
nicial 


Proband: The person who is brought to the attention of the cli 
family "| 


the environment. 


potential genetic disorder. Starting from him/her the 


traced. E 
Recombination: The process that generates progeny with combim d 
alleles on a given chromosome, different from those that 
parents. 


Recombination frequency: The proportion or percentage of produc 


sing 
bination. This frequency is used as a guide in asses oii 
rp 


nor 
distances between loci on a genetic map. he proportio 


productsofrecombination. This frequency isusedas a guide 


the relative distances between loci on a genetic map: 


ection, Haridwar 
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From Matter to Life: Chemistry?! 
lA; , ae 
ie) Jean-Marie Lehn 
In the beginning was the Big Bang, and physics reigned. Then 
Din chemistry came along at milder temperatures; particles formed 
tay atoms; these united to give more and more complex 
Wei, molecules, which in turn associated into organized aggregates 
and membranes, defining primitive cells out of which life 
me emerged 
ates £ Jean-Marie Lehn worked 
i b : with Guy Ourisson for his 
a Chemistry is the science of matter and of its transformations, and doctorate degree. Later he 
life is its highest expression. It provides structures endowed with was a post-doctoral fellow 
vad properties and develops processes for the synthesis of structures. ee au B baat 4 
y : i : : f arvard University. He 
w i plays a primordial role in our understanding of material phe- the distinction of being one j 
nomena, in our capability to act upon them, to modify them, to of the coworkers who i 
Host control them and to invent new expressions of them. Participated in the total 
anda) synthesis of vitamin B; 
Chemistry is also a science of transfers, a communication centre ue thenje e 
$ University Louis Pasteur at 
owi andarelay between the simple and the complex, between the laws Strasbourg. Since his 
je] ofphysics and the rules of life, between the basic and the applied. appointment at the College 
icf _‘Ifitis thus defined in its interdisciplinary relationships, it is also dor a fae helis 
defined in itself, by its object and its method. ee 
; in both Institutes. He is 
tion d recognised as one of the 
N In its method, chemistry is a science of interactions, of transfor- pioneers in the development 
| Mations and of models. In its object, the molecule and the of Supramolecular Chemis- 
ia’ Material, chemistry expresses its creativity. Chemical synthesis me T } 
ye has the power to produce new molecules and new materials with passes a olie AAA 
i a Properties. New indeed, because they did not exist before chemistry. Jean-Marie Lehn 
ins “ing created by the recomposition of atomic arrangements into has received numerous 
yf DOvel and infini A = Lane d Pires awards and honours, = 
cut initely varied combinations and structures. including the 1987 Nobel 
l Th ; prize in chemistry. 
ae efirst chemical manipulations were those profound and complex = 
ermal ; ; , 
eA T transformations by which ‘the raw’ becomes ‘the cooked’. 
Us. 


>» before being understood, chemistry was practised in ae 


a 8 of food; in the fermentation of dough and of drinks; in the 


na “BY of trinkets, of tools and weapons; in the extraction of 
Substances, perfumes, colours, philtres and drugs. 
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Chemistry was for a long time empirical and descri 
days ofalchemy, all matter resulted from the admixtures k 

proportions of the four basic elements: fire, air, earth a iy Í 
Through more and more refined analysis, chemistry tedi ; 


Dtive, hh ; 


? 
composition of substances, then the combination and link 
atoms. When empirical formulae gave way to exact forse 

2 
problem of the geometry of arrangement of atoms in E 
eok 


arose, whence emerged the notion of structure. With ma ; 
+ 3 (è 
and Le Bel, the planar chemical representations unfolded anil ; 
a 


the plane. The molecule became architecture, and the elabor  ! 
of molecular structures became mastery of space. With themi t 
ofPasteur, optical activity found its explanation in theasymm  ! 
of structures; thus arose the body of molecular chirality, I i 
4 Wohler’s synthesis 
of urea in 1828 The alchemists’ dream of transmutation became reality inda! i 
proved that natural ical synthesis. At first an empirical knowhow, this science¢ í 
substances were molecular manipulation established its power with Friedri : 
chemical Wöhler’s synthesis of urea in 1828: “Uber Kunstliche Hersteluz : 
compounds like any des Harnstoffes”, (On the artificial preparation of urea), by whit 
| other, accessible in it was proved that natural substances were chemical compouns 
| the laboratory like any other, accessible in the laboratory without the intent 
; without the tion ofa living organism. On 28 February 1828, Wöhler wrot! 
| intervention of a Berzelius “I can make urea with no need ofa kidney, or leta 
f living organism. an animal, be it a man or a dog”. $ 
i í 
i Organic synthesis grew rapidly, continually adding toits fe» 
of tools with each new reaction discovered, allowing soe 
innumerable new compounds, along with the refinement 
egies for obtaining more and more complex natural substan” | 
the laboratory. A whole series of brilliant achievemet" t 


; sel 
eleganceofstrategy combined with feats ofefficiency 3” 0 


ity, led to the great syntheses of the last 50 years — notab r 5 
is considered to be the epitome, the synthesis of vitaminai l 
to the combined efforts of Robert Burns Woodward e 
Eschenmoser, assisted by a hundred or so collaborato® 


is ta 


€ 
long way from Wohler’s urea! On the one hand t° nt 
molecule with 4 atoms (not counting hydrogens)» g™ 
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poui 
teri 
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7 £93 atoms and extremely difficult stereochemical problems; 
a zhe the two lies a century and a half (see Figure 1). 
be 

iili chemistry, thus, has established its power over the cova- 
Mo bond. The time has come to do the same for non-covalent 
o olecular forces. Beyond molecular chemistry based on the 
Boa bond there lies the field of supramolecular chemistry, 
ee goal it is to gain control over the intermolecular bond. 


It is concerned with the next step in increasing complexity 
beyond the molecule towards the supermolecule and organized 
polymolecular systems, held together by non-covalent 
interactions. 


It is a sort of molecular sociology! Non-covalent interactions 
define the intercomponent bond, the action and reaction, in brief, 
the behaviour of the molecular individuals and populations: their 
social structure as an ensemble of individuals having its own 


— 


Elegance of strategy 
combined with feats of 
efficiency and 
selectivity, led to the 
synthesis of vitamin 
B,» due to the 
combined efforts of 
Robert Burns 
Woodward and Albert 
Eschenmoser, assisted 
by a hundred or so 
collaborators. 


Figure] Two milestones in 
organic synthesis: Urea (left) 
and Vitamin B, (right). 
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The chemist finds 
inspiration in the 
ingenuity of biological 
events. However, 
chemistry is not limited 
to systems similar to 
those found in biology. 


Supramolecular 
i chemistry is a highly 
4 interdisciplinary field 
of science at the 
‘ intersection of 
3! chemistry, biology 
$ and physics. 


organization; their stability and their fragility; their tem 
associate or to isolate themselves; their selectivity, hea Oy 
affinities” and class structure, their ability to rei elem: 
other; their dynamics, fluidity or rigidity of arrange 
castes, tensions, motions and reorientations; their 
and their transformations by each other. 


gnize = 
Ments any 
mutua] Att 


When a substrate binds to an enzyme or a drug to its target, vh 
signals propagate between cells, highly selective interac 
occur between the partners and control the process, A 
molecular chemistry is concerned with the study of the ba; 
features of these interactions and with their implementation 
specially designed non-natural systems. 


Molecular interactions form the basis of the highly spe 
recognition, reaction, transport, regulation, etc; processes ty 
occur in biology, such as substrate binding to a receptor prottis 
enzymatic reactions, assembling of multiprotein complexes, ir 
munological antigen-antibody association, intermolecular ret 
ing, translation and transcription of the genetic code, regulat 
of gene expression by DNA binding proteins, entry ofa virusin 
a cell, signal induction by neurotransmitters, cellular recogaitit 
and so on. The design of artificial, abiotic systems capable 


displaying processes of highest efficiency and selectivity requ 
d stereochem’ 


electrosti” 
) wi 


Ot 


the correct manipulation of the energetic an 
features of the non-covalent, intermolecular forces ( 
interaction, hydrogen bonding, van der Waals forces, ete. 
a defined molecular architecture. In doing so, the chemist 

inspiration in the ingenuity of biological events and enc 
ment in the demonstration that such high efficiencies, A 
vities, and rates can indeed be attained. However, chemist)” 1 
limited to systems similar to those found in biology» put sl 


create unknown species and to invent novel process: 


nary fi i 
Supramolecular chemistry is a highly interdisciP E l| 
science covering the chemical, physical, and biologic w 


the chemical species of greater complexity than mole 
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S ee a inn oe Sor A. 
Ny, selves, that are held together and organized by means of intermo- 
Cth, jecular (non-covalent) binding interactions. This relatively young 
& grea has been defined, conceptualized, and structured into a 


Wdy -> coherent system. Its roots extend into organic chemistry and the 
etic procedures for molecular construction, into coordina- 


ati, synth j i 
tion chemistry and metal ion-ligand complexes, into physical 


mistry and the experimental and theoretical studies of inter- 


che 
i; actions, into biochemistry and the biological processes that all 
Ctioy start with substrate binding and recognition, into materials sci- 
‘tm, ence and the mechanical properties of solids. A major feature is 
by; the range of perspectives offered by the cross-fertilization of 
ioni supramolecular chemical research due to its location at the inter- 


section of chemistry, biology, and physics. Drawing on the phys- 
icsoforganized condensed matter and expanding over the biology 
et} oflarge molecular assemblies, supramolecular chemistry expands 


stg into a supramolecular science. Such wide horizons are a challenge The foundations of 
ti, and a stimulus to the creative imagination of the chemist. Thus, supramolecular 
esi: Supramolecular chemistry has been rapidly expanding at the chemistry are laid 
re} interfaces of chemical science with physical and biological with three concepts: 
ilaig Phenomena. fixation, recognition 
and coordination. 


usin 

mit The emergence of any novel field of science is linked to the past. 
led Where would the roots of supramolecular chemistry reach? It is 
uit Paul Ehrlich who recognized that molecules do not act if they do 
cai, not bind (“Corpora non agunt nisi fixata”) thus introducing the i 
osu’ Concept of receptors. But binding must be selective, a notion that a 
yi Was enunciated by Emil Fischer in 1894 and very expressively 
+ find Presented in his celebrated “lock and key” image of steric fit, 
u “MPlying geometrical complementarity, that lays the basis of 
le molecular recognition. Finally, selective fixation requires inter- 
action, affinity between the partners, that may be related to the 
idea of coordination introduced by Alfred Werner, supramo- 


lecy : ae : 
ilar chemistry being in this respect a generalization of coordi- 
Nation chemistry, 


vise 
fret? 


Wi inati 
"e these three concepts, fixation, recognition and coordination, 
“undations of supramolecular chemistry are laid. 
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“Just as there is a field of molecular chemistry ba 
covalent bond, there is a field of supramolecular ch 
chemistry of molecular assemblies and of the inter st 

bond”. It is “chemistry beyond the molecule”, whose ion | 
“supramolecular entities, supermolecules poss essing fg yy 
well defined as those of molecules themselves”, oh g 


Sed on , 
mis, 


Supramolecular chemistry started with the selective binding í 
alkali metal cations by natural as well as by synthetic mae | 
and macropolycyclic ligands, the crown ethers and crypt, 

This led to the emergence of molecular recognition as anew dom 
of chemical research that expanded over other areas and bea, $ 


supramolecular chemistry. It underwent explosive growth yj | 

| Supramolecular the development of SMS poet molecules of numery 

à chemistry started with types for the strong and selective binding oi Silit, anionice 

| the selective binding neutral complementary substrates of organic, inorganicorbioly 
of alkali metal cations ical nature, by means of various interactions (electrostatic, hyln 

by natural as well as gen binding, van der Waals, donor-acceptor). Molecularrecgt y 

tion implies the (molecular) storage and (supramolecula)r f 


by synthetic 
macrocyclic and 
macropolycyclic 
ligands, the crown 
ethers and cryptdnds. 


trieval of molecular structural information. 


Many types of receptor molecules have already been expla 
(crown ethers, cryptands, spherands, cavitands, calixaret 
cyclophanes, cryptophanes, etc.). Still many others may beini 
ined for the binding of complementary substrates of chemical: 


i biological significance, for instance for the development 0 
n of structural fent 
get 


3 
fs 
strate specific sensors or for the recognitio 
ages? re : eA 
in biomolecules (nucleic acid probes, affinity cleavage! 
i enzyme inhibitors, etc.). 

i 
taba a : ive funi 
The combination of recognition features with reacti¥ ei 

ra 
generates supramolecular reagents and catalysts that op€ fall 
A : ; ition a 
l cesses involving two main steps: substrate recogniti pio 
; 2 ; A ir re: | 
ef by its transformation into products. Because of ther” g 


athe 
i ; : yo 
with enzymatic catalysis, they present protoen pat 


A «ata reagent aman 
biomimetic features. By nature they are abiotic reag yoo 
thout fo 


itho 
perform the same overall processes as enzymes w 
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me mechanistic pathways. More importantly, 


a they may also 
Ys the highly efficient and selective reactions that enzymes do not 
Ch, Sane This represents a very important area for further devel- 
Sy arm that may lead to a range of reactive receptor molecules 
tes epic substrate specificity with high reactional efficiency 
and selectivity. Much work remains to be done that should contrib- 
ytevery significantly to the understanding ofchemical Teactivity and 
ing to its application in industrial processes. 
Cycli 
and Suitably modified receptors act as carriers for the selective transport 
omai of various types of substrates through artificial or biological 
ecan membranes. Again, many further developments may be envis- 
ivii aged, concerning for instance the construction of selective mem- 
oa brane sensors or the transport of drugs through biological barriers 
mice: ? 


which may include targeting if suitable target-selective recogni- 


a tion groups are introduced. 


Figure 2 From molecular 


aa fo supramolecular chemis- 
WS try: molecules, super- 


molecules, molecular and 
functional features of supramolecular species. (Figure 2). supramolecular devices. 


oft Recognition, reactivity and transport represent the three basic 
at) r 


plore! CHEMISTRY 
aren 4 IN 
a {mit MOLECULAR SUPRAMOLECULAR 
ical, 
nit 4 
ofsit 
a POLYMOLECULAR 
ed | 
agen 3 
agen Xx Organized 
assemores 
ess RECOGNITION | 
\ bonds A j 
Io === 
pci INTERACTION TRANSFORMATION >C 
F pf intermolecular | 
fin A bonds 
e TRANSLOCATION | 
10 
io | 
pt FUNCTIONAL 
M 
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Molecular wires, 

ion carriers and 
channels represent 
entries into molecular 
photonics, electronics 
and ionics, that deal 
with the storage, the 
processing and 
transfer of materials, 
signals and 
information. 
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A further important line of development concerns the des 
supramolecular devices built on photoactive, electroni 
ionoactivecomponents, operating respectively with photon t 
trons and ions. Thus, a variety of photonic devices be ely, 
photoinduced energy and electron transfer may be amar 
Molecular wires, ion carriers and channels facilitate the ia 
electrons and ions through membranes. Such functional entiti 
represententriesinto molecular photonics, electronics andj ionis 
that deal with the storage, the processing and transferof materik 
signals and information at the molecular and supramolecular ley 1 


A whole field, at the interface with physics, microelectronic w 
microoptics lies here, which has barely been explored andy, 
mains wide open, presenting such intriguing goals as stong, 
(battery), amplification, switching, rectification, etc., devi í 
The chemistry of molecular signal generation, processing, tra 
fer, conversion and detection, semiochemistry, touches upon bt 
physical and biological signalization processes. 

The most recent developments concern the implementation! 
molecular information and recognition as a means of controllingtt 
evolution of supramolecular species as they build up from th 
components. Thus, beyond the preorganization used in thea? 
struction of molecular receptors, lies self-organization. Jt ise 
the design of systems capable of spontaneously generating" 
defined supramolecular entities by self-assembling fron ië 
components in a given set of conditions. 


The information necessary for the process tO take place al? 
programme that it follows mustbestored in the componenn” 
operate via an algorithm based on molecular recogaitio? ai! 
Thus, these systems may be termed programmed supram 

tems. 


oi” | 
is g 


ave recently been J 


tems. 
a i tl 


Self-assembly and self-organization h 
ed in several types of organic and inorganic s 
of metal coordination, hydrogen bonding 0! 
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ons, researchers have achieved the spontaneous formation 
reractl A of novel and intriguing species such as inorganic 
of nes d triple helices, termed helicates, catenanes, threaded 
dou ies (rotaxanes), cage compounds, etc. For instance, by the 
entit sembly of eleven particles, five ligands of two different types 
aa copper (I) metal ions, a closed, cage-like structure has been 
ined spontaneously and selectively in one stroke! 


A further major development along these lines, concerns the 
design of molecular species pietne the ability to form by self- 
replication. This has been realized using components containing 
suitable recognition groups and reactive functions. 


In a study of helicate self-assembly from a mixture of different 
ligands and different metal ions, it has been found that only the 
‘correct helical complexes are formed through self-recognition. 
Inabroader perspective, this points to a change in paradigm from 
pure compounds to instructed mixtures, that is from seeking 
chemical purity to designing programmed systems composed of 
mixtures of instructed components capable of spontaneously 
forming well-defined superstructures. One may venture to pre- 
dict that this trend will represent a major line of development of 
chemistry in the years to come: the spontaneous but controlled 
build up of structurally organized and functionally integrated 
Supramolecular systems from a preexisting ‘soup’ of instructed 
components following well-defined programs and interactional 
algorithms. Thus, the study of self-processes represents an area of 
Tapidly increasing activity. 


In addition to dealing with the oligomolecular supermolecules, 
well-defined species resulting from the specific intermolecular 
sociation ofa few components, supramolecular chemistry deals 
also with Polymolecular assemblies formed by the spontaneous 
*Sociation ofa large number of components into a specific phase 
“lms, layers, membranes, vesicles, micelles, mesophases, arfi 
Pi `olids, etc.), There lies here a vast and fertile domain n 
catch, Molecular recognition between complementary compo 
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A space-filling modal of this 
Supramolecule is shown on the 
cover page. The picture pre- 
sents the axial view of the self- 
assembledcylindrical cage-like 
Structure. The ligands shown in 
blue, one on the top and one 
on the bottom, each have three 
bipyridine-like units for coordi- 

nation. Three other rod-shaped 
ligands, shown in yellow, have 

two bipyridine units each. Each 

copper [I} ion is coordinated by 
two bipyridine units, one from 
the blue ligand, and one from 
the yellowligand, Thus, the five 
ligands together hold six copper 
ions to produce this cylinder, 


Designing 
programmed systems 
composed of mixtures 
of instructed 
components capable 
of spontaneously 
forming well-defined 
superstructures 
represent s a major 
line of development of 
chemistry in the years 
to come. 
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nents provides means for directing the archite 
polymolecular assemblies and for endowing Hee aa 
properties, such as for instance the selective binding A 
molecules to layers and surfaces. It allows the design aie 
neering of supramolecular materials, in particular of liquid, % ; 
line and of polymeric nature. For instance, the reo 
induced self-assembly of complementary components a 
liquid crystalline ‘polymers’ of supramolecular nature, Ave 
supramolecular polymer chemistry is thus emerging and E 
ing more and more attention. 


N 
4 
it 


ith Ig 
f Subst, 


~ 


Molecular recognition-directed processes also Provide a poweri 
entry into supramolecular solid state chemistry and crystal engin, 
ing. The ability to control the way in which molecules associaten; 
allow the designed generation of desired architectures in the st) 
state. Modification of surfaces with recognition units could leis 
selective surface binding and to recognition-controlled adhesion 


Supramolecular 
species 


et ST 


spontaneously build 
up from their 
components and 
accomplish complex 
tasks on the basis of 
the encoded 
information and 


| : : eci n ic di ions that define a supt 
menuchonst species of nanometric dimensio 


The design of molecular information controlled ‘programme 
systems represents new horizons in materials engineering a! 
processing towards ‘smart’, functional supramolecular materi 
such as self-assembling nanostructures, organized pier 
amoles 


nanochemistry. 


Ithas become clear that the keyword of supramolecular cheni 
is not size but information. Supramolecular species spontant” 
ly build up from their components and accomplish comple! 
on the basis of the encoded information and instructio 
if sizewise “there’s plenty of room at the bottom” asthe es 
aphorism of Richard Feynman goes, through supra 
chemistry “there’s even more room at the top”! 
joo? 
K | In chemistry, like in other areas, the languag? of in 
extending that of constitution and structure as eg peba” 4 
towards more and more complex architectures an s” 


i tow 
And supramolecular chemistry is paving the way 
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tey prehending chemistry as an information science. In the one hun- 
Mow dred years since 1894, molecular recognition has evolved from 
St, Emil Fischer’s “lock and key” image of the age of mechanics 
ty towards the information paradigm of the age of electronics and 
nil communication. This change in paradigm will Profoundly influ- 
tip, ence our perception of chemistry, how we think about it, how we 
Etat perform it. Instructed chemistry extends from selectivity in the 
ong synthesis and reactivity of molecular structures to the organiza- 
cep, tion and function of complex supramolecular entities, The latter 


rely on sets of instructed components capable of performing on 
mixtures, specific operations that will lead to the desired sub- 


Wert, stances and properties by the action of built-in self-processes, 

ine 

tem Supramolecular chemistry has started and developed as defined 

esi} by its basic object, the chemistry of the species generated by non- Molecular recognition i 

lead covalent interactions. Through recognition and self-processes it has evolved from Emil 

fn has led to the concepts of (passive and active) information and of Fischer's “lock and key” 
programmed systems, becoming progressively the chemistry of image of the age of 

mmi molecular information, its storage at the molecular level, its mechanics towards 

ng a! retrieval, transfer and processing at the supramolecular level. the information 

teri paradigm of the age 

ci! The outlook of supramolecular chemistry is toward a general of electronics and 

jel Science of informed matter, bringing forward in chemistry the communication. 


third component of the basic trilogy matter-energy- 
\. Information. 


neo The Progression from elementary particles to the nucleus, the 
ais “tm, the molecule, the supermolecule and the supermolecular 
tts assembly represents steps up the ladder of complexity. Particles 
an a to form atoms, atoms to form molecules, molecules to 
oni ee and sep canoe ase etc. Ateach 
amie: eatures appear that did not exist at a lower one. Thus 

ne of development of chemistry is towards complex 


ai Ste 
at ms and the emergence of complexity. 


y,  Thehigh 
pal” fie est level of complexity is that expressed in that highest 
isi? Ot matter, living matter, life, which itself culminates in the 
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The challenge for 
chemistry lies in the 
development of 
non-natural 
systems displaying 
desired structural 
features and 
carrying out 
functions ofherthan 
those present in 
biology with (at 
least) comparable 
efficiency and 
selectivity. 


Figure 3 A comparison 
between chemistry and bi- 
ology with respect to the 
two parameters : complexi- 
ty and diversity/breadth. 


> 
o 
O 
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Q 


Diversity / Breadth 


brain, the plasticity of the neural system, epigenesiş i ; 
3 COnse: 
ness and thought. Sci 


Chemistry and notably supramolecular chemistry enters 
double relationship with biology. Numerous studies ae zB 
cerned with substances and processes of biological or biominy: 
nature. There has been a profound evolution by which dea x 
ist appropriates and diverts the power of the natural aa 
processes of biology to the goals of chemistry, for instance, intl 
use of enzymes as reagents, the generation of catalytic antibodig 
the control of gene expression, the development of molecu 
diversity techniques, etc. Conversely, the scrutinization of bly 
cal processes by chemists has provided understanding on a prey 
molecular basis and ways for acting on them by means of suit 
designed substances. Thus, the cultures of chemistry andbiologa} 
intimately linked and coming closer and closer together. 


On the other hand, the challenge for chemistry lies in the dere 
opment of abiotic, non-natural systems, figments of the imaginr 
tion of the chemist, displaying desired structural features al 
carrying out functions other than those present in biology with 
least) comparable efficiency and selectivity. Subject only tot 
constraints one chooses to impose and not to those of the lint 
organism, abiotic chemistry is free to invent new gubstancest 
processes. The field of chemistry is indeed broader than thatol ) 


systems actually realized in nature. | 


The future path of chemistry will be shaped by both inside 
outside forces. Its evolution towards increasing diversi) 
towards increasing complexity also takes piological phen 
as points of reference. The specificity of chemists Da 
stressed by comparing biology and chemistry with 2 
jot! 


| 
| 


i 


these two basic parameters, complexity and diversity. BS hes 
in Figure 3, biology is of extreme complexity; howell e5 
stances on which it is based belong tO defined le 
although tremendously rich are nevertheless 


variety of types. 


pg? 
J! 

b 
a 
s 
j! 
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ioy, Chemistry, on the other hand, is still of very low complexity 
compared to biology but its breadth, the diversity of its sub- 
stances, is infinite, being limited only by the imagination of the 


Chemistry is still of 
very low complexity 


ti; s chemistin endlessly combining and recomposing the basic bricks Bes Ra | 

Coy of chemical architectures, thus filling in the unlimited white area infinite, bein ht | 

ima in the complexity-diversity diagram. only b a T | 

he ! oe | 
a USSE imagination of the f 

miv The chemist finds illustration, inspiration and stimulation in chemist in endlessly | 

ith natural processes, as well as confidence and reassurance since they combining and | 

odis areproofthat such highly complex systems can indeed be achieved recomposing the | 

eculy onthe basis of molecular components. One might say that science, basic bricks of 

oly notably chemistry, relies on the biological world through an chemical 

precie existence axiom; the mere fact that biological systems and, in architectures. 

iahh particular, we human beings exist, demonstrates the fantastic 


gad complexity ofstructure and function that the molecular world can 
present; it shows that such a complexity can indeed exist despite 
our present inability to understand how it operates and how it has 


devel come about. So to say, if we did not exist we would be unable to 
agir imagine ourselves! And the molecular world of biology is only one 
es al ofall possible worlds of the universe of chemistry, that await to be 
vith, created at the hands of the chemist. 

r toth 


a livit With respect to the frontiers of life itself three basic questions may 
ces atl be asked: How? Where? Why? 


The first concerns the origin of life on earth as we know it, of our 
biological world. The second considers the possibility of extrater- 
je Testrial life, within or beyond the solar system: The third question 
ity p wonders why life has taken the form we know; it has as corollary 
noni ihe question whether other forms of life can (and do) exist: is there 
gyt Mtificial life’?; it also implies that one might try to set the stage 
spe! and implement the steps that would allow, in a distant future, the 
es” Meation of artificial forms of life. 


ye) 
Wy U ’ 
a a an enterprise, which one cannot (and should not) at the 
jel | “nt stage outline in detail except for initial steps, rests on the fz 


Presuppocie: 
"PPosition that there may be more than one, several expres- de: = 
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Chemistry is also an sions of the processes characterizing life. It thus invites a 
; ; 0 

art in its very exploration of the frontiers of other lifes and of the chemical Ctog 


essence, by its ability of living worlds. lutin 


to invent the future 
and to endlessly Questions have been addressed about which one may spery A 
Cula d 


recreate itself. let one’s imagination wander, perhaps even set paths forh 
investigations. However, where the answers lie js not a 
present and future chemical research towards ever mora i 
systems will uncover new modes of thinking and new E 
acting that we at present do not know about and may an 
unable to imagine. 


The perspectives are definitely very (too?) wide and it will 
necessary to distinguish the daring and visionary from thet 
and illusory! On the other hand, we may feel like progressingi 1 
a countryside of high mountains: the peaks, the goals are visitt 
and identifiable or may become so as progress is made, but wet 
not yet know how to reach them. We may find landslides, rockfals 
deep crevices, tumultuous streams along the way, we may havet | 
turn around and try again, but we must be confident that wew! 
eventually get there. We will need the courage to match the rsh, 
the persistence to fill in the abyss of our ignorance and th 
| ambition to meet the challenges, remembering that “yho sitstlt 
i bottom ofa well to contemplate the sky, will find it small” (Han Yui | 
' 824). 3 


s ascient i 


| But to chemistry, the skies are wide open, forifiti i 
| also an art. By the beauty ofits objects, of course, butalso g 
| essence, by its ability to invent the future and to endlessly rect 
itself. 
The chemist creates Pr il 
original molecules, Like the artist, the chemist engraves into matter the pr at 
new materials and creative imagination. The stone, the sounds, the ae aff 
novel properties from contain the works that the sculptor, the compost? 
the elements provided express from them. Similarly, the chemist creates 00 i 
by nature — indeed cules, new materials and novel properties from K a” 
entire new worlds. provided by nature, indeed entire new worlds, that g 
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O pefore they were shaped at the hands of the chemist, like matter 


: A The essence of 
luin .. shaped by the hand of the artist. 
í is 


chemistry is not only 
to discover but to 


Indeed chemistry possesses this creative power as stated by Marcelin invent and to 


la Berthelot “La chimie crée son objet”. ( “Chemistry creates its object”). It create. 
ing, does not merely fabricate objects, but creates its own object. It 

ety does not preexist, but is invented as progress is made. It is not just 

MH, waiting to be discovered, but it is to be created, 

ays of 

en fy The essence of chemical science finds its full expression in the 


words of that epitome of the artist-scientist Leonardo da Vinci: a 
dovela natura finisce di produrre le sue spezie, Puomo quivicomincia con 


_ 


Transcript of the Third 
Rajiv Gandhi Science and 


vill le cose naturali, con l’aiutorio di essa natiira, a ga infinite spezie...” | Technology Lecture deliv- 
utopi (“Where nature finishes producing EA ustin species, man begins, using | ered at Hyderabad on 
mgt. natural things and with the help of this nature, to create an infinity of 22 December 1995. 

visit species...”). 

wed) 


Address for correspondence 


ki ~The essence of chemistry is not only to discover but to invent and, ban Mane leha 


havel above all, to create. The book of chemistry is not only to be read but Collége de France, Paris and 
vel tobe written! The score of chemistry is not only to be played but Universit Louis Pasteur, 

; Strasbourg, France. 
emis to be composed! 
nd th 
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The Earth’s Changing Climate 


Man-Made Changes and Their Consequences 


P K Das 


Various human activities have contributed toan inerea; 
the levels of greenhouse gases. The contribution that they 
make to global warming requires further investigation h, 
cause there are several negative feedback mechanisms yhig 
inhibit the warming process. 


= 


4 


a 


PK Das Introduction 
! is a former Director 
4 General of the Meteoro- y fee Aaa l 
l logical Department of Many generations of ScienOsis have been intrigued by the fore § 
i India. After retiring in that change our climate. This is more so today because ofthe n 
1983, he taught Meteorolo- for sustainable development. Sustainable development implisı 
i gy at the University of growth strategy that will not harm the environment. 
{ Nairobi in Kenya (1983-85) 
if and later at the Indian y 
i Institute of Technology In this article we will be mainly concerned with anthropogenic 
(IIT) in New Delhi (1985- man-made causes of climate change, because a review of theealit 
i E EEA a climate system is not possible within the ambit of a short artit 
cientist Emeri! 0) ‘| 
| i jef reference 
CSIR from 1989 to 1992. We will focus on the atmosphere, although a brief re 3 
| He is the author of two be made to the role of oceans. Global warming by anthi 
i books on the monsoons emissions is referred to as the greenhouse effect becaust E, 
f ; x . onom 
i and a pioneer in numerical atmosphere acts as a greenhouse. It allows solar radiation 0 
weather prediction 


through but traps the outgoing infrared radiation fromthe 
Realizing the importance of global warming, the World Mo | 
logical Organization (WMO) and the United Nation e i 
f mental Programme (UNEP) have set up an Intergove™® 

q Panel on Climate Change (IPCC). We will refer to thet 
oe ment reports. 


in India. 


. f 
e as | 
In 1861, Dr John Tyndall, the English physicist Y% gi 


ae draw our attention to the rapid absorption of heat wA A 
p the atmosphere. A little later, in 1896, the SW ot í 
i Arrhenius presented a paper on the sensitivity 
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ro small changes in its composition. These perceptive Papers were 


The earth radiates as 
est to stress the greenhouse effect. 


a black body. It obeys Í 
the Stefan-Boltzmann ' 
law and its emission 
is proportional to the 


the earli 


The Earth’s Radiation Budget 


The average solar energy intercepted by a unit area of the earth’s 


z fourth power of the 
Sein surface is S/4, where S is the solar constant. The factor of 1/4 allows earth’s surface 
thes for the radiation falling at an angle on large parts of the earth’s temperature. 


ny be surface. As S is around 1376 watts per square metre (W/m?), $/4 is 

Whit 344 W/m?. About one-third of this is either back-scattered by air 
molecules or reflected back to space and this fraction is often 
called the planetary albedo. Sa the amount entering the top of the 
atmosphere is about 240 W/m?. Solar radiation is in the short 
wavelength range between 0.2 and 4.0 microns (um). 


eni The earth, in turn, radiates as a black body. It obeys the Stefan- j 
plies Boltzmann law and its emission is proportional to the fourth 
power of the earth’s surface temperature. This infrared radiation 
from the earth is in the long wavelength range from 4.0 to 80 um. 
niot Many atmospheric gases have a rotation as well as a vibration- 
enit rotation spectrum, so they are able to absorb and also emit 
ait radiation. This has two interesting consequences. First, the net 
ef! upward emission by atmospheric constituents, clouds and a small 
yogli part of the earth’s emission adds up to 240 W/m?. This represents 
eË. a balance between incoming and outgoing radiation. Secondly, 
tops! there is a downward counter radiation from the atmosphere F 
ee) towards the earth. This traps the earth’s infrared radiation like a 
jew Breenhouse. The radiation budget is shown in Figure 1. 


jo —_Ttisinteresting to note that in the absence ofa greenhouse effect, the 
rs “arth’s mean temperature would have been 255°K, instead of the The net upward 
Observed value of 288°K. Greenhouse warming is thus about 33°K. emission by 
This is much more pronounced around the planet Venus, whose atmospheric 
pĝ mosphere contains over 90% carbon dioxide (CO,), a prominent constituents, clouds 
ji” Feenhouse gas. Without a greenhouse effect the mean surface | and a small port of 
oF SmPerature of Venus would have been 227°K, but greenhouse the earth’s emission 
g”; "arming raises it to 750°K. This represents warming by 523°K! adds up to 240 W/m. 
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Figure! The earth’s radia- __ 
tion budget. Note that the 


net Input of solar radiation 
(240 W/m’) is balanced by TOTAL 
an equal output of infrared SOLAR j 
radiation. RADIATION F 
344 W / m2 ne 
INC 
104 W/m? soap 
RADIATION 
240 W/m) | 
SOLAR RADIATION 240 W/m 
REFLECTED BY NET OUTGONG 
EARTH'S SURFACE INFRARED 
& ATMOSPHERE RADIATION 
l \ 
| ATMOSPHERE f 
MOST SOLAR EPR A k ANA 
RADIATION PASSES E 
THROUGH 
GREENHOUSE 
ATMOSPHERE GEG 
INFRARED 
i RADIATION 
| ABSORBED 6 | 
RE-EMITTED | 
AS COUNTER 
l RADIATION 
| EARTH 
. SOLAR RADIATION INFRARED 
l ABSORBED : EARTH RADIATION m | 
i SURFACE WARMED EMITTED BY EARI i 
h 
} 
i MME ‘ re: (i) at® 
! nN , The principal greenhouse gases in our atmosphere a k ont 
ste eg Ie a dioxide (CO,), (i) Methane (CH,), (ii) Nitrous oxide" 
tin the absence o | 
that in the £ Ozone (O,) and (v) halocarbons. 
a greenhouse effect, a | 
i the earth's mean C 


Halocarbons are compounds of carbon and halogens 


; ; oflu i 
bromine and fluorine). Some refer to them as the chlor 


n comp i 


t 


temperature would ° 
have been 


i bons, or the CFC’s. Of late, another class of carbo nto | 
255°K, instead of the hydrogenated CFC’s (HCFS) are also in the 45 a 
the observed greenhouse gases. We will refer to them collectively of so! 


by o 3 e 
2 $ value of 288°K. carbons. Halocarbons are inert gases with a long 
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ears. They are injected in the lower atmosphere, the troposphere, 
through refrigerants and aerosol sprays. The halocarbons destroy 
ozone in the lower ito through chemical action, and as 
ozone protects us by absorbing harmful ultraviolet radiation from 
the sun, serious efforts are oe ın progress to replace halocarbons 
py other eco-friendly chemicals. 


Carbon dioxide, the principal greenhouse gas, is released into the 
atmosphere by burning fossil fuels, and by the cement manufac- 
turing industry. But, it is removed from the atmosphere by the 
photosynthesis of plants. The largest reservoirs of carbon are in 
thé deep oceans. Some of this reaches the atmosphere when waters 
from the deep ocean are brought up to the surface. 


The main sources of methane (CH 4) are paddy fields and natural 
wetlands. Intestinal fermentation in animals also generates meth- 
ane. Of the other greenhouse gases, nitrous oxide (N,O) is obtained 
partly from the oceans and partly from fertilizers that are used in 
agriculture. The burning of biomass also generates N,O. 


Ozone (O,) is a natural constituent of the atmosphere. Depending 
on the latitude, the ozone content in a vertical column of the 
atmosphere shows a peak concentration in the middle and lower 
stratosphere (15 to 35 km). This is known as the ozone layer. 
There is a gradual increase in ozone concentration from the 
equator and the tropics to higher latitudes. A matter of great 
concern is the recent discovery of a sharp decrease in ozone over 
Antarctica, especially during spring. The observations suggest a 


50% decrease in 1987 when compared to values prevailing ten 
years ago. 


: disturbing featureisa gradually increasing trend for CO, , CH, 
20 and halocarbons. The rates of increase range from 0.25 to 
per year for CO,, CH, and N,O, but it is as high as 4% for the 
“locarbons, There is some uncertainty about methane because it 
i aie a decreasing trend very recently. But, the overall need 

“Y'S to decrease the emission rates of greenhouse gases. This 
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The halocarbons 
destroy ozone in the 
lower stratosphere 
through chemical 
action, and as ozone 
protects us by 
absorbing harmful 
ultraviolet radiation 
from the sun, serious 
efforts are now in 
progress to replace 
halocarbons by other 
echo-friendly 
chemicals. 


A matter of great 
concern is the recent 
discovery of a sharp 
decrease in ozone 
over Anfarctica, 
especially during 
spring. 
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Figure2a (bottom left) Ra- 
diative forcing by different 
greenhouse gases. The er- 
ror bars indicate the range 
of possible values. The con- 
fidence levels are indicated 
in the last row. (Source: Ra- 
diative forcing of climate 
change, 1994 Report of the 
Scientific Assessment Work- 
ing Group of IPCC, WMO - 
UNEP, WMO Hg., Geneva) 


Figure 2b (bottom right) 
Temperature variations with 
altitude. Dotted line indi- 
cates negative CO, feedback 
at high altitudes despite 
positive feedback at low al- 
titudes. (Adopted from Ci- 
cerone, Nature, Vol.344, 
1990). 
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3 |- Direct greenhouse 


Halocar bons 
N20 


CH4 
c0? 
Indirect greenhouse 


| Direct Indirect Eam 


is because of their adverse impact on climate. In this 
Conte, . 

relevant to ascertain their contributions to global we Atiy 
arming ‘ 


Radiative Forcing and Global Warming Potenti 
(GWP) 4 


The change in radiation flux at the tropopause (Figure day 
by the absorption of either solar or infrared radiation iş iting, 
the ‘radiative forcing’. Positive radiative forcing leads 10 Wary 
ing, while a negative value cools the earth’s surface, Radiat 
forcing could be either direct or indirect. Direct forcing oy 
when the concerned gas is involved, but when the gas intera 
with another gas by chemical interaction it leads to indit 


forcing. 


mae 


The hydroxyl (OH) radical plays an important role in indin 
radiative forcing because it is a strong oxidizing agent. Ther 
several reactions which lead to the formation of the OH ratiel 
The OH radical is formed, for example, when solar ultravide 
radiation of wavelength less than 3 um reacts with ozone. Tti 
gives rise to electronically excited oxygen atoms which reactwit 
water vapour to form hydroxy] radicals. 


a ; Pa 
The IPCC assessments of radiative forcing are shown in Figur- 
The confidence for each assessment is shown in the boton 3 
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hi 
i i Table 1 Global Warming Potential (GWP) for 100 years There is a larger 
' warming potential of 
ne, Life time lyr.) ! 
i species Y GWP the halocarbons 
Sy @, i 1 compared to the others. 
CH, 14.5 + 2.5 245 8 
Cay N,O 120 320 
ie FCM 50+5 4000 
Wary CFC-12 102 8500 
iat 3 
= " The uncertainty is around +35% for each gas Source: Radiative forcing of 
oco S 
a Mh climate change, report of the Scientific Assessment Group of IPCC 1994) 
Tah 
ndir 
of the figure. Of some interest are the low values given for solar 
į variability. This suggests that variations in the solar constant, for 
nit example, are relatively unimportant. 
herea 
a The IPCC report also suggests Global Warming Potential (GWP) 


asan index for the greenhouse effect. It represents the cumulative 


ravioli 
e Ti effect of radiative forcing between now and a later time, say, a 100 


years from now. For the purpose of calculating the GWP the 


act wù 
forcing caused by a unit mass of gas is considered, and the index 
1s expressed in terms of a reference gas, namely, CO,. Table J 
inn! Provides the GWP index for five principal greenhouse gases. 
omm A 
3 While the uncertainty factor is certainly large, the table indicates 


the very large warming potential of the halocarbons compared to 
the others, 


Negative Feedback Mechanisms 


The IPCC estimates that the earth’s mean temperature has risen 
pose 0.6°K in the last 100 years. If no action is taken to restrict 

HOS the warming rate is estimated to be 0.3°K for every ten 
*sersin the future, with an uncertainty range between 0.2°and0.5°K. 


The IPCC estimates 
that the earth's mean 
temperature has risen 
by 0.3 to 0.6°K in the 
last 100 years. 


Th > 
large Uncertainty range is due to negative feedbacks which we 


do > F 
nt understand entirely. The four principal cooling mecha- 
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nisms are: (i) ozone depletion in the lower Stratosphere (: < 
scattering and reflection of short wave solar radiation po 
particles and aerosols, especially in the vicinity of sulph ty 
sions, (iii) clouds and (iv) CO, at high altitudes of the S Ur ep; 


‘ 
These feedbacks are briefly described in turn, DOPE j 


© Stratospheric ozone depletion 


Ozone has a dual impact in the lower stratosphere (25 km) Fin 
the depletion of ozone by halocarbons implies less absorption 
solar radiation by ozone, due to which more ofit reaches the ean 
This has a warming effect. But, less ozone also implies ly 
absorption of outgoing infrared radiation. This cools the om 
sphere. And, a cooler stratosphere emits less infrared radiation, 


` The recent eruption the troposphere below. The net effect is one of cooling, Arowi 4 
l of Mount Pinatubo 20-25 km, the cooling process usually dominates. We havealreah 
| was estimated to mentioned the ozone hole over Antarctica. The reasons fri | 
have decreased the are still unclear. Polar stratospheric clouds, which hold avit 
temperature by a variety of particulates and sulphate aerosols also contributet 
few tenths of a ozone decline. In addition, chemical interactions release larg 
j degree over many amounts of chlorine that destroy ozone. 
| parts of the earth. 
© Aerosols 


Aerosols also have a dual feedback. They scatter and reflets 
radiation, especially if they are covered with sulphates. TA 
a cooling effect. But, they also absorb both solar and ini 
radiation. On many occasions the scattering features dom! g 
and this leads to cooling. Volcanic eruptions increase tt r 
load of the atmosphere and this increases negative feedback: 
recent eruption of Mount Pinatubo was estimated t0 w ‘| 
creased the temperature by a few tenths of a degree om | 
parts of the earth. 


Fi © Clouds 


J 
pot 
t out that clouds y 


} | V Ramanathan, was the first to poin w 
n 


negative feedback. Clouds reflect solar radiatio 
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bag, space. This cools the earth’s surface, but they also absorb terres- 
y dy rial infrared radiation which warms the earth. Cooling predom- 
i Utes in the thicker clouds, but the high altitude thin clouds 


Phir, j) generate more warming. Ramanathan’s suggestion is that if global 
warming leads to warmer sea surface temperatures (SST) in the 
tropics, the ensuing convection could cause thick clouds. This 
will cool the atmosphere by a negative feedback of about 16 W/m. 
The clouds will thus act as a thermostat and set an upper limit to 


in the sea surface temperature. This view has not found general 

tong agreement, because observations indicate that warm SSTs do not 

a always generate thick clouds. The issue is still open. 

€S I 

w o High altitude CO, 

tony One of the difficult 
rou! In a recent communication to Nature (Vol.304, 8 March, 1990) tasks that confront 
la’ Cicerone from UCLA in the USA suggests that increasing atmospheric 


ortti! concentrations of CO, in the mesosphere (80 to 100 km above sea scientists today is to 


awit level) will cause stratospheric cooling because CO, molecules are ascertain if forcing 
butet efficient radiators of energy to space through infrared emissions. mechanisms, such 
elg This negative feedback has not yet received much attention. as global warming, 
generate responses 
The negative feedbacks that we have mentioned above need that are larger than 
further study and research. Unless this is done, future forecasts of the natura! 
: global warming will remain uncertain. variability of climate. 
toos 
CAIR 
WW Natural Variabili illati 
st ariability and Forced Oscillations l 
mini One f h 5 a ` : 
ne ot the difficult tasks that confront atmospheric scientists 
he 


t today is to ascertain if forcing mechanisms, such as global warm- 
c 


ng, generate responses that are larger than the natural variability 
of climate. 


Ts now recognized that on a regional scale global warming can 

ter the statistical mean or the variance of the distribution of a 
Meteorologica] variable (See Rajeeva L Karandikar’s article ‘On 
hdomness and Probability’ in Resonance Vol. 1 No. 2). This is 
Own in Figures 3(a ) and 3(b) and, as we can see, this will lead to 


al 


sh 
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Figure 3 Impact of a 
change in the mean and 
variance ofa meteorological 
element due to global 
warming. Note the enlarged 
frequency of extreme events. 


f If we examine the 
j time series of 
| monsoon rainfall, for 
| example, we will 
observe variations 
í from year to year and 
| decade to decade. 
f Can we be sure that 
these variations are 
| A not due to natural 
| causes? 
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a change in the frequency of extreme events, Let Fi 
. . a ` 1 

represent the rainfall distribution over a smal] fens Tey, 
JS ; 


Uch dy 


ordinate is the frequency. For simplicity, we will aie 
metric bell-shaped (normal) distribution. Suppose ae 
result of global warming the median value is changed fro 
(2), without any change in the shape of the distribution, Aswe 

see from Figure 3(a) the frequency of low rainfall events (droy a 
will decrease, while the frequency of high rainfall events wil] as 
leading to more floods. The change in frequency of low rainl 
shown by the hatched area in Figure 3(a). Figure 3(b) shows 
outcome of a decrease in the mean rainfall but an Increase in ty 


state in our country. The abscissa represents rainfall 


a(i 


lateral spread or variance of the distribution. In this case thereyilh 
an increase in the frequencies of both low rainfall events (droughy 


as well as high rainfall events or floods. : 


But, if we examine the time series of monsoon rainfall fi 
example, we will observe variations from year to year and deat 
to decade (Figure 4). Can we be sure that these variations arem 
due to natural causes? 7 


This interesting question was first raised by thelate Professor]! 
Charney of the Massachusetts Institute of Technology, USA% 
J Shukla, in the United States. Unfortunately, no clear answesiit 
been found yet. One useful result that has emerged is an in 
relationship between equatorial Pacific SST’s and monsoon fi 
This result has been verified with the help of statistical recat? 
and mathematical models. The latter now simulate coupled 
atmosphere circulations. 


wath 
In this contextit is worth mentioning thata few promising" 
ofclimatic change have been detected in the Jast decade: BS, 
now attracting a good deal of research, especially for uae 
climate prediction. These signals are generated by thes sft 
lution of meteorological variables at the earth’s surface off o% 
of these variables are sea surface temperature (SST), s 


and soil moisture. 


í 
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willy Perhaps the most interesting signal is an ENSO event in the Figures Monsoon rainfall 
ugi equatorial Pacific. ENSO stands for an El Nino (EN) and the over /ndla with 30 year run- 
+ Southern Oscillation (SO). The former, which means ‘a child’'in "9 Means (mm) indicated 

Spanish, represents the sudden appearance of warm waters offthe Y 2/4 lines. (Source: J 


: Shukla: Short term climate 
coast of Peru. It occurs once every two to seven years. As it occurs 


variations and predictions, 

deat around Christmas many refer to it as the ‘child Jesus’. It is Proc. Second World Climate 

ar accompanied by abnormally heavy rain in many parts of the Conference, 1991, WMO, 

tropics. The fishing industry of Peru suffers heavy damage dueto Geneva), 

i the warm waters of an El Nino. The Southern Oscillation (SO) is 
a the term used to define a see-saw pattern of pressure variations 
SAn between the Pacific and the Indian Oceans. When pressures are 
a low over the Pacific they tend to be high over the Indian Ocean 


my and vice versa. A Southern Oscillation Index (SOI) measures the 
intensity and phase of this oscillation. It is the pressure difference 


pi between the island of Tahiti in the Pacific and Port Darwin (to 
dom represent the Indian Ocean). A negative value of SOI occurs 
concurrently with an El Nino which is why we refer to them, 
sigh Jointly, as an ENSO event. As an ENSO is associated with weak El Nino represents 
rhe Monsoon Tains, its prediction is important for Indian agriculture. the sudden 
on c appearance of 
low oan air-sea models are now used to anticipate SST changes warm waters off the 
ot? aise the equatorial Pacific. Forecasts are being made with lead coast of Peru. It 
a oe oes ranging from a month to a year. The design of congica occurs once every 
‘ls was pioneered by Zebiak and Cane of the United States in fwo to seven years. 
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A negative value of 
ihe Southern 
Oscillation Index 
(SOl) occurs 
concurrenily with an 
El Nino which is why 
we refer to them, 
jointly, as an ENSO 
event. As an ENSO 
is associated with 
weak monsoon 
rains, its prediction 
is important for 
Indian agriculture. 
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1987. To see how the model works, we consider $ 

5 an aj 

interface between the atmosphere and the underlying a Ma, 
OCea 


governing equations use the observed atmospheric win 
ocean currents. This leads to variations in SST and th 
determine the pattern of winds over the Ocean, 
capacity of the ocean is much larger than that of the at 
the evolution of the SST variations is a very slow pr 
oceans act as the memory of the atmosphere, 


ds to fn 
ey, in 
AS the hy’ 
TOsphe, 


OCEss, Th 


While encouraging results have been achieved, much mory 
mains to be done. The performance of the model is Very sensi 
to the accuracy of the initial conditions. These conditions havey 
be specified before starting model integration. The Climate} 
search Centre (CRC) of the National Oceanic and Atmosphyj 
Administration (NOAA) in the USA feels that the skill achieg! 
so far is modest, but further research in this important ami 


being vigorously pursued. 


Is the overall climate predictable? An answer to this intriguy 


question was the subject of an interesting paper by Professor EN 
Lorenz of MIT in USA (Tellus, 424, 378-389, 1990). Profs 
Lorenz has pioneered the modern theory of chaos. He consider 


; r 1 gyin 
a simple model climate consisting of an eastward moving wi 
current, which is disturbed by waves. Professor Lorenz sugg 


that short term climatic changes are essentially chaotic. 
that if the external forcing during winter, for examp 
large then the circulation will become chaotic. An 


Heft 
fe, sve. 
d, it cob 


a : ; ; w 
remain chaotic until next spring, even though there mgar 


decrease in external forcing. This suggests that Jongrang 


ep 


i i : . sor 
tion of climate might not be possible. Professor Lorenz's 


was a very simple one. Itis possible that future ; 
stabilising factors that will improve the limit of predict 


exciting field of research lies ahead. 


Summary and Conclusions 


@ Anthropogenic emissions of greenhouse g 


modelswillo 
abili: | 
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ee 
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possibility of an increase in global warming: 
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ə There are several negative feedbacks which make future pro- 


jections uncertain at present. 


ə Clouds often provide a large negative feedback, but they need 
not make the atmosphere a thermostat, 


ə It is difficult to separate forced climatic changes from the 
natural variability of climate. 

ə Short term climatic changes are mainly chaotic. This could 
make it difficult to make long range predictions. But, some 
success can be achieved in predicting variables which evolve 
slowly, such as, sea surface temperature (SST). 


Is the overall 
climate predictable? 
Lorenz's experiment 
suggests that long 
range prediction of 
climate might not 

be possible. 
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Hermann Hankel said... “In mostsciences one generation tears down what another 
has built, and what one has established another undoes. In mathematics alone each 


generation adds a new storey to the old structure”. 


D Bertrand Russell wrote... "There was a footpath leading across fields to New 
Southgate, and | used to go there alone to watch the sunset and contemplate suicide 3 


I did not, however, commit suicide, because | wished fo know more of mathematics” 3 E 
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Time in a Timeless Environment 


My Life in a Bunker 
ai ...- i 4x  _—_ 


L Geetha . pi 


The fact that every organism possesses an endogen 
biological clock can be established when they are in A | 
live in conditions of timelessness. How do human ae 
perform under such conditions? Human isolation facility 
provide such timeless environments where human teip 
can live comfortably while performing various bodily acti 
ities as dictated by their endogenous clock. In this article] 


Geetha L : o “ 
narrate my personal experience in the isolation facility 
| 


studies circadian rhythms 


in honeybees, mice and Madurai Kamaraj University. My stay (on three occasion 
humans. She has had the has led to the important finding that the menstrual cyclei 
rare privilege of being both ahuman female is not coupled to the sleep-wake cycle, Ialn 


an experimental subject as 


describe how such experiments can be useful in the conter | 
of shift-working, jet-lag and space studies. 


well as an author of a 
scientific study as you will 
read in this article. 


A Bunker? | 


i 


When you had to prepare for an exam or catch an early flight 
train, you probably had the experience of getting up justbeforel | 
alarm wentoff. This is possible because of the biological clocktht 
. we all possess. Just as we set our watches with standard rimesit | 
B the radio or TV, our body also sets its clock to a 24 hout sched 


with the help of cues that are provided by the environment 2i 


q i instance, the cycle bell of the milkman is sufficient forus E cy 
Š Almost all that the day has dawned, without even opening OU? ae 
a physiological factors such as light, temperature and noise can also ye 
parameters that you with information about time. Almost all physiological! 
think of in human in human beings are rhythmic, i.e. they repeat E 
beings are rhythmic definite time intervals. For example, the time We go K 
i.e they repeat time we wake up, our body temperature, levels of soe 
themselves at definite potassium excretion, water excretion — virtually 42 
time intervals. can think of is rhythmic. All these rhythmic functions 
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f the information of time received from 


č | 

because O the f 
vironment we live in. hne ' 
en happen if we lost i 
track of time? f 


SERO uld happen if we are made to live in an environment 
which does not have time cues of any sort? What would happen if 
we lost track of time? How important is it to have the knowledge 
Noy of time? All these interesting questions can be answered if we 
dey indeed have an environment that completely lacks time cues. In 
ea J fact such environments have been created in five places in the 
lt world! Since these ‘time less environments’ have been created for 
eing conducting experiments on human beings they are called ‘facil- 
acy ities’. All five such facilities in the world are rather similar, so let 
icke me describe the one in India. Believe me, I can describe it well — 
lity a [have lived in this timeless facility for a total period of about 100 
i days (in three bouts)! 
elein 


lbi Timelessness in the Bunker! 
ontert 
The only isolation facility that we have in India is located in the 
Department of Animal Behaviour and Physiology, Madurai 
Kamaraj University (Figure 1). The others are located in USA, 
UK, Switzerland and Japan. The living quarter in the facility is a 


The only isolation 
facility that we have 
in India is located in 
the Department of 
Animal Behaviour 
and Physiology, 
Madurai Kamaraj 
University. 
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Juergen Aschoff and R 25' x 25' room. It is window-less to ensure that daytigh 

Wever from Germany enter. Artificial lights (fluorescent tubelights with nt 

performed the about 1300 to 1800 Ix) are provided for the use of the whos 

pioneering experiments stays inside. Switching ‘on’ and ‘off’ of these lights i ee 
on human circadian discretion of the subjects. The walls of the room A he s 

rhythms. layered with sand in between so that no outside noise an 

tt 


An ambient temperature of about 25° C is maintained thy, 


: wy. OUphy, 
the experimental period. For ventilation purposes cg Bhoy 


; ol airi 
passed into the room through a duct with sound muf i 
: 3 : es; 
kitchenette and a bathroom with toilet are attached to T a 

room. All facilities such as refrigerator, video cassette player $ 

T ik 

recorder, an ergometer for exercising purposes, tables, chairs ay 

materials for cooking are provided in the chamber. The solita 

\The cues that give the infor- facility is devoid of potential zeitgebers' (time-givers), viz, clock 
mation of time to the organ- radios, TV, current periodicals etc. The requirements of tp) 

isms so that they are syn- Subject who stays inside are placed in the antechamber adjoini 
chronised with the oscillator. , i = i p TE ; chamber adjoiniy 
the isolation facility. Communication with the outside worldisi 


the form of written notes. The facility is manned round the cht 
from outside. In case of power failures, a generator is switched 
within minutes. During the period ofstay, all the requirementsoltt 
subject are taken care ofalmost instantaneously! Inshort, the sujet 
receives ‘royal treatment’ throughout the duration of the stay! 


i What Happens in the Bunker? 


` 


A number of interesting experiments have been performedit 


, a ea biological isolation facilities. Juergen Aschoff and R Wever from Ce 
i rhythms which repeat once in performed the pioneering experiments On human E 
; about 24 hours. rhythms”. The experiments conducted in the isolation {a 
(which is now defunct) in Germany demonstrate 

time that human beings continue to show rhythms ie | 
absence of time cues and this rhythmicity 1s endogen”” | 
dependent on internal clocks. This was done bY nee 
sleep-wake cycle (the times of going to sleep and waking"? y 
day) under periods of isolation. Since, we wake uP? 


d for the 
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24 hours ie. it is entrained (synchronised) to the 24 hour light- 
dark cycle of nature. eon periods of isolation, this 
synchronisation no longer prevails and the subjects are found to 
drift from the normal 24h cycle, and start free-running}, So their 
sleep-wake cycle would have a period longer than 24 hours under 
isolation. Aschoff and Wever also proved that for humans, social 
cues can bring about entrainment * to 24 hours thus proving that 
social cues are more important than light-dark (LD) cycles, 


Following these findings, a number of similar experiments have 
been performed all over the world. Our isolation chamber in 
India also boasts of a number of interesting findings. Experi- 
ments have been carried out here since 1987 when the first subject 
G Marimuthu, a rhythm researcher himself, entered the isolation 
chamber in Madurai. During my first visit to the Department of 
Animal Behaviour, where they specialise in chronobiology (the 
study of biological rhythms), I happened to have a glimpse of it 
and instantly, wished to be the next subject. Fortunately for me, 
the head ofthe Department, M K Chandrashekaran, who has built 
this ‘one-of-a-kind-chamber’, almost immediately agreed to 
make me the next experimental subject. Since I was involved in 
these experiments, let me give you a detailed account of how 
these experiments are generally performed, along with my per- 
sonal experiences. There was a short spell of pre-isolation period, 
when I was asked to note down the times of going to sleep and 
waking up. I also had my core body temperature measured every 
6 minutes by using a device called solicorder which records the 
temperature in a computer chip. 


Thereisa reason behind measuring the body temperature. Though 
ae beings are supposed to be homeotherms, there is a 2°C 
Variation in body temperature every day. Temperature rises to a 
Maximum around midday and dips to a minimum when we are in 
T sleep (Figure 2). Since the time at which we go to sleep is 
Ne the same every day, the time at which this temperature 
T occurs would also be at approximately 24-hour inter- 
herefore, the temperature cycle (the time interval between 
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‘The state of the rhythm in con- 
stant conditions in the absence 
of any time cues where the en- 
dogenous period is exhibited. 


“Synchronization of a self-sus- 
taining rhythm with the period 
of the imposed ze/tgeber. 


Under periods of 
isolation, subjects are 
found to drift from the 
normal 24h cycle, 
and start free- 
running. So their 
sleep-wake cycle 
would have a period 
longer than 24 hours 
under isolation. 
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Figure 2 Graph showing 
the variations in tempera- 
ture during the course of 
the day. Each 24 hours in 
the graph represents one 
day. Data collected during 
pre-isolation period for four 
days has been plotted here. 
Minimum temperature oc- 
curred when | was in deep 
sleep and maximum tem- 
perature almost during mid- 
day. 
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the occurrence of temperature minima of two successive day) 
would also be about 24 hours. Since we wanted to know whet 
this temperature rhythm would exhibit any change underiy), 
tion, my core body temperature was also measured during a) 
isolation, isolation and post-isolation periods. One day priory 
my isolation, I was asked to spend the night in the chamber jutu 
get acquainted with the environment and to see if there were ay 
problems which had to be rectified. I entered the isolation chank 
on 4th May, 1989 for the first time. I happened to be the first fem 
subject to go in and you can imagine the publicity that! received! Al 
my friends jestingly remarked that I chose the month of May tos 
in the chamber to evade the heat of the Madurai sun! 


My Life in the Bunker à 


ed aroundsp® 
ly, for me in 
pe alone s% 


Thus, my stay in the isolation chamber commenc 
with an august gathering seeing me off! Personal 
a dream coming true! All along I had wanted to in 

where! Never did I dream that, that ‘somewhere’ was ae 
a gorgeous place like the isolation chamber and that a wmi 
like a princess there. We had done an enormous F ) 
‘shopping’ for my stay the previous evening and esseo" of 
the first few hours unpacking and organising. Akindo a 
I had never experienced before in my life envelop F pil 
went to bed on the first day of my isolation. Then® ih! 


opened my eyes to look for the time in the clock 3”. 


$ 
i] 
4 
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remembered that this was the isolation chamber and that I would 
not know the time for quite some time! Gradually, I got used to 
my life of loneliness and timelessness in the chamber. It was 


indeeda unique experience in which there was no time restriction 
o anything. There was no need to wake up, 


[twas indeed g 
unique experience 
in which there was 


no time restriction to 
ai 80 to sleep, eat or do anything 
do anything at a particular time and there was nobody to give me 


exhortations of any sort. It was a life that I lived for myself and I 
felt great about it. Incidentally, I feel this was one situation where 
we can realize how much we comply with the needs of society and 
make compromises! 


e daj) In spite of the lack of restrictions, I was somewhat organised 
hette although I performed all the activities, whenever they suited me! 
1 iol There is a panel of 20 buttons on one of the walls, each one 
ng re) corresponding to a particular function. For example, No. | corre- 
rior sponds to ‘wakeup’, No. 2 for ‘out of bed’ and so on. I was supposed 
r justi toactivate these buttons as and when I performed these functions 
ea; Which got recorded outside in a device called an ‘event recorder’. 
hanh Thus, at a given time, the people outside knew what I was 
fem doing. For example, my sleep-wake cycle was monitored from 
vedli! outside by finding out when I was going to sleep and when I was 
yos waking up. I also pressed the button on channel No. 8, whenever I 

thought 2 hours had elapsed. This is called ‘time estimation’ to see 

how accurately a subject can measure the passage of time in a 


. tme-less environment. My ambulatory movements were measured 
byan activity-monitor which I wore on my left hand. With all these 
spe i S ies I was quite a sight, but it did feel great to look 
eitr erent. Only, there was no one to look at me! 


ng it a fromthe ‘pressing of buttons’ I did not have anything much 
lt 0 for the sake of the experiment. The whole day was mine to 


oust! ak as I wished. I spent my time reading, watching movies, My sleep-wake cycle 
Ls? ee i Music and generally relaxing and enjoying myself. Of was monitored from 
ctl? ome at times, I also read some chronobiology. The rest of the outside by finding out 
ae ee antes in trying out new recipes. Generally, the subjects are when I was going to 
j ia E ak their own food because of the problems encountered sleep and when | was 
Ing food from outside. For example, the first subject who waking up. 
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A few minutes after | 
came out of the 
chamber, | was asked 
to guess the date. | 
said, much to the 
amusement of people 
around, that it was 
26th May when in 
reality, it was 8th of 


June! 
i 
i 
5 My rhythm started 
R drifting every day 
i y after my entry and 
: my period of 


wakefulness kept 
Be increasing day by 

x day and so did my 
aa duration of sleep. 
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entered isolation demanded idlis when it was 3 AMi ' 
world and it took enormous efforts for the outs} den A ouy 
idlis at that time. As you realise, they could not enn K 
idlis were not easily available at that time of the day. D 
the psyche of the subject inside is a tricky affair, 
small failures might lead to giving some inadvertent time ; 
Hence, from then on, the subjects were asked to preparethe CU 
food. Usually all the subjects who entered (7 People had Ha 
it before me) lost weight. I had visions of a ‘very slim self ey à 
out of the chamber after the experiment, and in factit diq n 
[had lost 5 kgs on the whole! The reason for this was known, 
only after the experiment was over and I came out of the cham 
In fact, it was quite a surprise (and a shock!) for me when Iwas 
that the experiment was over and that I had to come out, Ths, 


Dee, 
I hin, : 
aling, 


because, originally, it was agreed that I would live in the chamk 
for at least a month. But, at the time they called me out, Iki 
counted only 22 days! I was quite cross with the people outsidefr 
abruptly stopping the experiment after 22 days. A few minus 
after I came out of the chamber, I was asked to guess the dat! 
said, much to the amusement of people around, that it was 2 
May when in reality, it was 8th of June! I had lost 13 preciousdis 
of my life. But I feel, it was all worth it! In short, I had spent 
calendar days as 22 subjective days (subjective day is the timet 
I presumed to be one day as opposed to the calendar day) i 
rhythm started drifting every day after my entry and my pet a $ 
wakefulness kept increasing day by day and so did my dn 
sleep. Thus, I had been awake for a maximum of 34 hoursant 
slept for a maximum of 19 hours! Asa consequence; the d 
of my one day inside was on an average 45.9 hours. This so 
‘circa-bidian’ i.e. about 48 hours per day. So my sleep 
had a rhythm of about 45.9 hours (Figures 3, 4). Jnterestit H 
temperature rhythm still maintained about 24-hour Be 
i.e. temperature minima continued to occur once in® 7 
hours despite the variation in the sleep-wake ee at 
temperature started coming toa minimum twicea ty fe a 
Iwas awake and should have gone to sleep and once wv 


was actually asleep). As a result, I had two temper? 
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Ge 
i nerally, under normal societal conditions, both the sleep-wake 
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aee TIME (h) ap Figure 3 The times of sleep 


and wakefulness of my sec- 
ae ond stay in isolation, plotted 
on a 24 hour scale. Each line 
In the graph represents one 
calendar day. Darkened bars 
Indicate the period of wake- 
fulness and hollow bars in- 
dicate period of sleep. The 
arrow on the 8th day 
(30.04.1991) represents the 
day I entered the isolation 
chamber and the one on 
02.06.1991 represents the day 
I came out of it. The asterisk 
on 01.05.1991 indicates the 
day of onset of the first men- 
strual cycle and the one on 
29.05.1991 indicates the day 
of onset of the second men- 
strual cycle. Note that the 
period of wakefulness and 
sleep Increased every day 
and gradually stabilised to- 
wards the end of the stay. 
The maximum time | kept 
awake was around 34 hours 
and the maximum time that 
I slept was around 19 hours 
at a stretch. You can notice 
that some days | never slept 
at all! (for example 18th May, 
20th May and 22nd May). 


00” 06° 12% 13% 


CALENDAR DAYS 


1 
à 


Per subjective day and the temperature had a period’ of about 25.1 


h 


5 Time interval between recur- 
rences of a defined phase of 
the rhythm. 


0 
"ts. In other words, my sleep-wake temperature and rhythm 
Were j Late 
© 10 a state of “‘desynchronisation’. 


j = nd the temperature cycle have the same period of about 24 
aachia condition, they are said to be ‘synchronised’. 
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Figure 4 The times of go- 
ing to sleep and wakeful- 
ness of my second isolation 
plotted according to my 
subjective days. his /s a 
multiple plot, plotted in such 
a way that it is easier fo 
observe the course of the 
rhythm when you look at it. 
The first 8 days were pre- 
isolation data and each line 
here represents a calendar 
day. The period of isolation 
has been represented in 
subjective days (the days 
that | counted as opposed 
to the actual calendar days). 
Subjective day 1 starts on 
the 9th day in the graph and 
subjective day 20 is the last 
day of my isolation. Dark- 
ened bars indicate periods 
of wakefulness and hollow 
bars represent durations of 
sleep. Note that under pre 
and post isolation condi- 
tions the rhythm was in an 
entrained state, having an 
almost 24 hour rhythm and 
under isolation it free-runs. 
The period increased grad- 
ually and towards the end 
of the isolation period, it 
came to about 48 hours (cir- 
ca bidian). Asterisks on the 
two occasions indicate on- 
set of menstrual cycles. Nofe 
how the rhythm stabilises in 
the post-lsolation period. 
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However, when a person is under isolation, the sleep-waktat 
may free-run with periods deviating from 24 hours. In suche 
the temperature cycle need not deviate, but can and mostolé 
will maintain its approximately 24 hour rhythmicity. Sut! 
condition is called ‘internal desynchronisation’. This isap 
that our bodily rhythms may be controlled by more hat 4 
clock. 

Now, we had an interesting question to ask: would the K 
cycle follow the sleep-wake cycle or the temperatut cycle 

I had experienced only 22 days, if it had to follow my se? ib 
cycle, it should occur after I experience 28 subjective a 
other hand, if it follows the temperature cycle, it sh 
occurred after 28 calendar days. In my Casê men yg 
occurred after 28 calendar days. It did not depend ve | 
wake rhythm. Interestingly, re-adjustment tO the so a! 
tion occurred almost instantly. My sleep-wake! T 
have about a 24 hour period almost from the secon 
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fromthe chamber. Mon can sici how strong the effect of social 

et cues is tO the human circadian riyen Since it is very difficult 
to get 4 female subject who has a circa-bidian rhythm, whose 

> hythm desynchronises and who has a regular 28 day menstrual 
cycle, it is difficult to prei such experiments. Nevertheless, we 
wanted to test the validity of our results. The only way was to 
repeat the same experiment on the same subjecti.e me! To exclude 
the influences of circannual rhythms (rhythms which repeat 
themselves in about a year) in the physiological parameters and 
seasonal variations if any, it was also decided to perform the 
experiment at the same time of the year, but two years later, 


So I Did It Again! 


j So, for the second time in my life (in May 1991) I had another 


=a; 
= sojourn in the isolation chamber. Everything else was the same 
= ; The menstrual cycle 
= except that two years had elapsed and now I had more responsible samia 
= activities to do, like reading reprints, analysing my data on the 
Ea ; sia : 28 calendar days. It 
circadian rhythms of mice and so on. So, this time I spent my time diiad 
keqi {namore constructive fashion. The only precaution that I took 5 
ake th 3 WP the sleep-wake 
ahas Wasto take care that the knowledge of my previous results did not maem. 


sostoke influence my thinking. This time my stay was truly terminated 
y, Sut! prematurely (after 32 calendar days of isolation) and there was a 
isap good reason behind that. When I was in the middle of my stay, 
thin 3 Rajiv Gandhi was assassinated and the situation was chaotic 
outside. I think I must have been one of the very few people in the 
whole world who did not hear about it in time! Apart from the 
difficulties faced by the people outside in providing my require- 
Jea ane there was another problem associated with this ignorance. 

uy day I was supplied with my subjective day’s newspaper. 
1s 08° 3 I was again having a circa-bidian rhythm and as a saui 
wlll? cee days, the monitoring committee could still keep providing 
aul ri es newspapers without the news of assassination tor some 
fey On 2nd of June, 1991, it was 22nd of May for me inside and 


d” ae Were not sure if I would endure the shock alone and hence 
: gat) €d me to come out on that day. So, my exit from the chamber 
A * second time, lacked all the exhilarations of the first ume 
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The results of the 
second experiment 
proved the validity 
of the first one in the 
sense that we had 
obtained almost the 
same data as in the 
first experiment. 
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news. After coming out of the chamber, I had to contin hearg, 
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the solicorder for my post-isolation data. This tie d 

peculiar problem. The solicorder unit has two wires © T faj 


small box and the box with the wires is quite Conspicy 

i OUS Wh, 

one wears it. Just a few days after the assassination ima S Whe 
>) 

would happen if a girl walked around with a box h 


protruding wires! 
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The results of the second experiment proved the Validity of 
first one in the sense that we had obtained almost the same dat, 
in the first experiment. This time my sleep-wake cycle hadi 
period of about 46.1 hours and my temperature cycle, 24.4 hoy, 
Desynchronisation occurred on subjective day 9 and mens 
cycle occurred exactly 28 calendar days later, thus confirming 
results of the previous experiment. Re-entrainmentto thesocig: 
conditions again occurred as earlier. 


In addition, results of these two and other experiments thane 
performed earlier proved that there is a direct correlation betwet 
the 2 hour time estimation and the sleep-wakefulness rhyd 
The subjects who had about a 24 hour rhythm estimated 2 hots 
almost correctly, whereas, subjects like me, who had a 48 hot 
rhythm estimated almost 6 hours as 2 hours. Hence, itis posit 


for the people outside to guess approximately how long thepést aT 


is going to stay up that day, by observing the first 2 hour estt 


tion of the day! 


Where Can It Lead To? 

: rebel 
One might pause to wonder why at all these experiments? 
performed. Such studies can provide useful sug 
whose rhythm is disrupted such as shift workers, et 
people who travel across time-zones. Their sleep-¥™ i 


; 6 : jmate™ 
measured under isolation and the period thus ©" iw 
would bew 
load cat bes 


gestions d 
astron j3 i 


provide information as to how efficient they 
disrupted day-night conditions. Their work 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


i 
attache he 


oft 
datg 
, had 
hour 
nst 
ing 2 
societi 


at Wet 
ete 
byte 
2 hows 
48 hod 
posit 
pent a 
esis 


e Digitized by Arya Santa Hewetion Ghanei and eGangotri et oe 


ule 


n furnish useful information about readjustment, 
ca 


d as to match this efficiency period. For people who face 
sblems of §et-lag’ after inter-continental travel, such studies 
r ' 
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Results of these two 
and other 
experiments that 
were performed 
earlier proved that 
there is a direct 
correlation between 
the 2 hour time 
estimation and the 
sleep-wakefulness 
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Euler’s Proof 
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Euclid’s elegant proof that there are infinitely ina 

numbers is well known. Euler proved the same rat Py 
a stronger one, by analytical. methods. This article a 
exposition of Euler’s proof introducing the nase 
cepts along the way. i 


Introduction 


In this article, we present Euler’s very beautiful proof that, 
are infinitely many prime numbers. In an earlier era, Euclid’ 
proved this result in a simple yet elegant manner. His ideaise 
to describe. Denoting the prime numbers by p,,), ;p,)..,t 
P\= 2B P2 = 323 = 5, ..., he supposes that there are n prim: 
all, the largest being p,, He then considers the number N rle: 


N = p, P3P3 Prt b 


clear tt! 


and asks what the prime factors of N could be. It is A 
AU 


is indivisible by each of the primes fy P2 Py 


N=1(mod 9; )for each i, 1 <i < n). Since every integer great” e 


nce f° 


1 has a prime factorization, this forces into existe j 


B 
numbers other than the p;. Thus there can be no larg 
number, and so the number of primes is infinite. 


v 
of is very diferent" 


The underlying idea of Euler’s pro 
ves that the sumo 


of Euclid’s proof. In essence, he pro 
cals of the primes is infinite; that is, r 
> cr eae | 


> fe ea E 
P, P, P3 1 
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— a 


aa 


i technical language, the series £, 1/p; diverges, Obviously, this 
sanot possibly happen if there are only finitely many prime 
numbers. The infinitude of the primes thus follows as a corollary, 


, Note that Euler’s result is stronger than Euclid’s. 


Convergence and Divergence 


A few words are necessary to explain the concepts of convergence 
and divergence of infinite series. A series a, +a, +a, + 
said to converge if the sequence of partial sums, 


-j5 


4; 4) tay a, +a, + azy, 


approaches some limiting value, say L; we write, in this case, 
5 Paii, If, instead, the sequence of partial sums grows with- 
out any bound, we say that the series diverges, and we write, in 


short, >Y 1%;=%: 
Examples: 


o Theseries 1/1 + 1/2 + 1/4 + 
sum is 2, as is easily shown). 

© The series 1/1 + 1/3 + 1/9 + --- + 1/3" + --- converges (the 
sum in this case is 3/2). 


--- + 1/2" +--+ converges (the 


> © Theseries 141414... diverges (rather trivially). 


@ The series 1-1+1-1+1-1+1-.-.- also fails to converge, be- 


cause the partial sums assume the values 1, 0, 1, 0, 1, 0,..., and 
this sequence clearly does not possess a limit. 

Amore interesting example: 1 — 1/2 + 1/3— 1/4 + ... ; a careful 
analysis shows that it too is convergent, the limiting sum being 
In 2 (the natural logarithm of 2) 


Di 
Vergence of the Harmonic Series X 1/i 


Qo 
5 ae to prove Euler’s result, namely, the divergence of £ l/p, 
=e establish various subsidiary results. Along the way we 
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Euler proved that the 
SUM of the reciprocals 
of the primes is 
infinite; the infinitude 
of the primes thus 
follows as a corollary. 


A statement of the form Z a, 
=% is to be regarded as mere- 
ly a short form for the state- 
ment that the sums a, a, + a, 
0,+ a, + @;, ..., do not possess 
any limit. It is important to note 
that ~ is nof to be regarded as 
a number! We shall however 
frequently use phrases of the 
type x= co’ (for various quanti- 
ties x) during the course of this 
article. The meaning should be 
clear from the context. 
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shall meet other examples of divergent series. To i HR 
ta 
present the proof of the statement that With y 


( 

ial ad i 

2 3 a 

+s 

This rather non-obvious result is usually referred to ag thed; v 
lar, 5 


gence of the harmonic series. The proof given below jg duer 
Frenchman Nicolo Oresme and it dates to about 1359 7 rst 
the following sequence of equalities and inequalities. 7 


1 l 
a [ 
monau 
The earliest A a O A l a 
known proof of the sue pet ger s s oana si 
divergence of the l l 1 1 1 Ly or 
harmonic series is due St mC ei eN +16 al 
to the Frenchman p 
Nicolo Oresme and it and so on. This shows that it is possible to group consecutives Me 
dates to about 1350. of terms of the series 1/1 + 1/2 + 1/3 + --- in such a manner 


each group has a sum exceeding 1/2. Since the number oft 
epee ; 4 isi 

groups is infinite, it follows that the sum of the whole sen D 

' : z $ os rooi a 
itself infinite. (Note the crisp and decisive nature of thep | 
vf 

‘ i Lets 

Based on this proof, we make a more precise statement 

denote the sum 


| 
| 
To | 
i 


vk l 
1 2 n 
ing just j 
e.g., S(3) = 11/6. Generalizing from the reasoning J 
find that al 


n 
SC) > 1+3: 
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fill in the details of the proof on your own.) This means 

shat by choosing 7 fo be large enonet the value of S(2") can be 

ade to exceed any given bound. For instance, if we wanted the 

me to exceed 100, then (3.1) assures us that a mere 2!% eats 

vid suffice! This sieecn the extreme slowness of growth of 

liny, Sla) with n. Nevertheless it does grow without bound; loosely 
tk stated, Sl) = ©: 

Lge 


LH (please 


The result obtained above, (3.1), can also be written in the form, 


l 
2 


Exercise: Write out a proof of the above inequality. 


3 A much more accurate statement can be made, but it involves 


S(n)>1+ log, n. 


calculus. We consider the curve Q whose equation is y = Ix, 


; The growth of 
x >0. The area of the region enclosed by Q, the x-axis and the i z : re 
si with n is extremely 
| | ordinates x = 1 and x = n is equal to J ~ dx, which simplifies slow. For the sum to 
| pas exceed 100 we 
_ tolnn. Now let the region be divided into (n — 1) strips of unit would require 2” 
eg Width by the lines x = 1,x = 2, x = 3,...,x = n (see Figure 1). terms! 


Figure 1 The figure shows 
how fo bound In n by ob- 
serving that In n is the area 
enclosed by the curve y = 
Vx, the x-axs and the ordi- 
nates x = land x = n. 
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In general, when 
mathematicians find 
that a series £} a, 
diverges, they are 
also curious to know 
how fast it diverges. 


Consider the region enclosed by Q, the x-axis 
i-1,x =i. The area of this region lies betwe 


isch: pcre 
3 


1 1 
+—-<lInn< 7+ 
n l 


Relation (3.2) implies that 


ey EEN +> + 
n l 3 


and this means that we have an estimate for S(n) (namely, en 


2 


alan l 


1 | 
bane, S Inn+ 1 & 


» and the ling, } 


it can be enclosed b en Wi and I 
because it can be enclosed between two rectangles of “t 


sions 1 x 1/i and 1x1/(@ — 1), respectively. (A quick a 
of the graph will show why this is true.) By letting; take 
2, 3, 4, . . . , n, and adding the inequalities thus obtained 


ding, | 
inatin pi. 
the vay, 


a We fin 


I 
f 


0.5) that differs from the actual value by no more than 05, Asa 
deeper analysis shows that for large values of n, an excels 
approximation for S() is ln n + 0.577, but we shall not provetti 
result here. It is instructive, however, to check the accuracyofti| 
estimate. Write fin) for Inn + 0.577. We now find the following, 


n = 
S(n) = 
fn) = 


The closeness of the values of f(n) and S(n) for large valu 
striking. (The constant 0.577 is related to W. 


10 100 


2.87959 5.18217 7.48476 9.78734 11W 


Euler-Mascheroni constant.) 


In general, when mathematicians find 
they are also curious to know how fast it 
wish to find a function, say f(), 


OF "a; ) /f (n) tends to 1 asn ><. For 


we see that one such function is given by 
usually expressed by saying that the harmo ; 
the logarithmic function. We note in passing 
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1000 10000 it 
2.92897 5.18738 7.48547 9.78761 10 


hat is known 5" 


diverges: That t$ 
such that ail 
the harmonics 
fon) =" od 


nic series ™ if 


A 


| 
| 


that a series zgi 


ell 
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~| i -= 
TA | „low rate of divergence, because In n diverges more slowly than 
I] 46 for anye > 0, no matter how small ¢ is, in the sense that 
w | yu ie aaa for every € > 0. Obviously the function In 


tin “Jn n diverges still more slowly. 


fay [puercise: Prove that ifa > 1, then the series 


converges. (The conclusion holds no matter how close a is to 
1, but it does not hold for a = 1 ora < 1, a curious state of 
affairs!) Further, use the methods of integral calculus (and 
the fact that fora # 1, the integral of 1/x" isx"!/(y —a) to 
show that the sum of the series lies between 1/(a-1)and 
ala- 1). 


The fact that the sum 
t 1/1 4:1 /27e# 1/34 eeceisifint 
elit, The fact that the sum 1/ / / is finite can be V4 V2 48 +. 


is finite can be shown 
in a manner that is 


eli shown in another manner that is both elegant and elementary. 
fti, + We start with the inequalities, 2? > 1 x 2,37>2 x 3, 42 >3 x 4, 


v. -and deduce from these that both elegant and 
‘| l elementary. 

ow EEE O 2S ht : hee ae 

| 2a 3 r 54? 1x2 2x34 

098 


The sum on the right side can be written in the form, 


a 1+(1_1),0_), o 
stl l 2| (alle 4 i 


| 

Which (after a whole feast of cancellations) simplifies to 1 + 1/1, | 

| = is, to : (This is sometimes described by stating m TEE | 
i ` a to 2.) Therefore the sum 1 + 1/22 + HE + a her 
a i ee 2 We now call upon a theorem of analysis which states 
Pl ai partial sums of any series form an increasing sequence 


i = "atthe same time bounded, that is, they do not exceed some 
fi that a “mber, then they possess a limit. We conclude, therefore, 
i] 


g lad 5 Series X 1/i” does possess a finite sum which lies between 
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The divergence of the harmonic series was independen S = 
by Johann Bernoulli in 1689 in a completely differen, C 
His proof is worthy of deep study, as it shows the cone e 
tive nature of infinity. Tinty 


“> 


Bernoulli starts by assuming that the series 1/2 + U3 + 14 
+ 


(note that he starts with 1/2 rather 1/1) does have a finit hi 
e 
which he calls $. He now proceeds to derive a contradict; a 
the following manner. He rewrites each term occurring ins it 
ts; 
Melee 3 ae 
B06) 6) 6 4° «12 (12 E PE 
and more generally, 
1 n—1 1 1 l 
Se e = + fees + 2 
n n(n — 1) n(n — 1) n(n- 1) n(n-1) | 
The divergence of the 
erone eS with (n — 1) fractions on the right side. Next he writes the resultin | 
was independently fractions in an array as shown below: | 
; | 
proved by 1/2 1⁄6 1/12 1/20 1/30 1/42 1/5% | 
Johann Bernoulli in 1/6 1/12 1/20 1/30 1/42 156 «| 
1689 in a completely 1/12 1/20 1/30 1/42 156 «| ax 
different manner. 1/20 1/30 1/42 = 1/56 wm) A4 
1/30 1/42 1⁄6 | 
1/42 1/56 3 
1/56 Í 
ons MAAE o 
Note that the column sums are just the fractions “°° | look 


: ing io tt | 

1/5, . . . ; thus S is the sum of all the fractions occurring ; | afte 
9 10, l 

array. Bernoulli now sums the rows using the Ee | a 

nique used above (see equation (3.4)). Assigning sy” Wet 
į 


row sums as shown below, Equ 
Hoy 
Wazal 1 1 1 1 “lon 


AV a i) 90) asa 


| 
— 
N 
N 
© 
+ 
w 
s|- 
> 
N 
n 
ON 
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m 


he finds that: 


eE e 


=], 

A see 
(5 a) ae) 4 ee 5 6|* 
poe 
=e 
1 P A n 
G6 = Be (arguing likewise), 

1 
Dz 


and soon. Thus the sum S >» which we had written in the form 
A+B+C+D+4. ` > , turns out to be equal to 


l+ +- 


qr a + 
3 
Now this looks disappointing -- just as things were beginning to 
ee ease We seem to have Just recovered the Creal ea 
cant e A of very complicated steps. But in fact something signifi- 
We had d aPpened: an extra ‘1’ has entered the series. At the start 

“fined S to be 1/2 + 1/3 + 1/4+ ---; now we find that S 


equ: 
es 1/3 + 1/4+.... This means that S = S + 1. 
OWever, 


Sion: § no finite number can satisfy such an equation. Conclu- 
| “oS col 


Riso) 
NANG 
E 
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Bernoulli's proof is 


worthy of deep study, 
as it shows the 
counter-intuitive 
nature of infinity. 
f 
i 
(E 


The fundamental 
theorem of arithmetic 
states that every 
positive integer greater 
than one can be 
expressed in precisely 
one way as a product 
of prime numbers. 


Digitized by Arya Sam@ EN HAAN CARMEC Ad eGangotri 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Bae eon 
There are many other proofs of this beautiful resu 


y l D i 7 
leave you with the pleasant task of coming up with k but ty | 
own. Along the way you could set yourself the ein € ay 
each of the following sums diverge: Proving | 

Wl + 3 +S +174 1/9 +-- 3 | 
1/1 + 1/11 + 1/21 + 1/31 + 1/41 +.-..; 7 


l/a + 1/b + l/c + 1/d +- - '»wherea,b,c,d, ...,arethesyo | tio 
i : s : Ces 

terms of any increasing arithmetic progression of posit; in obt 
verg 
numbers. ri 


Elementary Results | i 


The next result that we shall need is the so-called fundan; 
theorem of arithmetic: every positive integer greater than | cn) } 
expressed in precisely one way as a product of prime numbers, Wesi! 

not prove this very basic theorem of number theory. For apn 
please refer to any of the well-known texts on number theoma. tha 
the text by Hardy and Wright, or the one by Niven and Zid inte 


mann. fn 
| inte 
We shall also need the following rather elementary results!) obt 
k is any integer greater than 1, then | 23 
1 ly. ge cea! | 
— = 4 — + = +a eee 3 
TE Vy 1+ k a k2 k k 4 
: -- series on the righ! | If 

which follows by summing the geometric series 0n | : 
and (ii) if@;,b; are any quantities, then | Us 
es 


z “| z s) ate 


j i,j 


4 
where, in the sum on the right, each pair of ind 
precisely once. 


w 
on jch are” 
Now consider the following two equalities, gi 


from (4.1) using the values k = 2, k = 3: 
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q ae 
| l 1 1 1 
1 sae 
af ae ae fae Re + + 4 
lty E Vy 2 22 23 74 + J 
Dy 
B the’ 
Bly l l l 1 i 
ORLE NE p >= cmt eae sagen 
2 Ve 13 3 3 3 3 
a ultiply together the corresponding sides of these two equa- 
| fons. On the left side we obtain 2 x 3/2 = 3. On the right side we 
i j 
=| obtain the product 
Verg! 
geet 2? +12 +--) x + 18 + 1/3? 4 133 +...) 
| Expanding the product, we obtain: 
1 ee oe 
me mee a gh a 2 
H 1 App aber + ele 
et moe i? 24 18°" "36, 72a 
poi 


itt that is, we obtain the sum of the reciprocals of all the positive 


We obtain a nice 
corollary: if A denotes 
the set of integers of 


the form 273° where 
uc integers that have only 2 and 3 among their prime factors. The a and b are non- 
| fundamental theorem of arithmetic assures us that each such negative integers, 
| integer occurs precisely once in the sum on the right side. Thus we then 
si| obtain a nice corollary: ifA denotes the set of integers of the form Z VWz=3 
| X 3, where a and b are non-negative integers, then zeA 


l 
à > ze 
| zeA 
i i 3 
i | ate multiply the left side of this relation by (1 + 1/5 + 1/5’ + 
| US +...) and the right side by 3(1-1), we obtain the following 
Tesult: 
| 
| SS ae 
on” A Z 1 psn We 4 > 
| Ze 
w 


A 


R 
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where B denotes the set of integers of the form TP A 


and c denote non-negative integers. a eteg 
th 
Continuing this line of argument, we see that infinit su 
such statements can be made, for example: ty Tay; 
ə IfC denotes the set of positive integers of the form 2 py 
where a, b, c and d are non-negative integers Lae 
è 
have £ zec 1/z = (15/4) (7/6) = 35/8. a h 
e If 2 donates the set of positive integers of the f the 
27 3°5°7° 11%, then È zeD 1/2 = (35/8) (11/10) = 77/16. 
Infinitude of the Primes i 
a 
: | oft 
Suppose now that there are only finitely many primes, Syph fin 
Euler was capable of Py --- sP Where p, = 2,p, = 3,p; =5,.... We consider theprotiy) tiy 
stunning om 
reasoning; some of : ‘ À í i 
the steps in his proofs A a | No 
are so daring that they 4 | this 
would leave today's This is obviously a finite number, being the product of ii 
mathematicians many non-zero fractions. Now this product also equals fe 
gasping for breath. | 
lineal 1 aad | that 
E d eS Hoa 1 t=] tS ale 
Date Jal 373 | “oT 
i i ( incl 
Tre elise eX i ticia 
5 5 n n | aboy 
tinuing the 
When we expand out this product, we find, by con in ft uel 
of argument developed above, that we obtain ee ae 
reciprocals of all the positive integers. To see why, We a bathil an d 
fundamental theorem of arithmetic and the assumP cass?) ad 
5, ...>p,, areall the primes that exist; these two statem ye! Tefey 


d un 
imply that every positive integer can be express? p 
product of non-negative powers of then primes 2, 


3,5, di 
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taj 


May; 


Sf 


the 


for 


bisit follows that the expression on the right side iş Precisely the 
is 


sum 


beatae 
nt Das 


„ritten in some permuted order. But by the Oresme-Bernoulli 
theorem, the latter sum is infinite! So we have a Contradiction: 
the finite number 


1 1 l l 
1-% 1-% 1-1 1-% 


has been shown to be infinite -- an absurdity! The only way out 
of this contradiction is to drop the assumption that there are only 


i} È finitely many prime numbers. Thus we reach the desired objec- 


idan | 
ji 
| 
teh | 
| 


į 
f 


tive, namely, that of proving that there are infinitely many prime 
numbers. 


Note that, as a bonus, there are several formulas that drop out of 
this analysis, more or less as corollaries. For instance, we find that 


-L _, 
-%2 ae my F 2 32 2 


that is, the infinite product and the infinite sum both converge 


} © the same (finite) value. By a stunning piece of reasoning, 
including a few daring leaps that would leave today’s mathema- 


ticians gasping for breath, Euler showed that both sides of the 
"Dove equation are equal to 17/6. Likewise, we find that 


l 
a a e E eee 
1- l4 1- Ys k 4 34 4 


ad this +; z 
this time both sides converge to 7/90. Euler proved all this 


A i i . . . 
a Much more; it is not for nothing that he is at times 
d to as analysis incarnate! 
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tis not for nothing 
that Euler is at times 
referred to as analysis 
incarnate! 
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Leonhard Euler 


Since universities were not 
the major research cen- 
tres in his days, Leonhard 
Euler (1707-1783) spent 
most of his life with the 
Berlin and Petersburg 
Academies. Pious, but not 
dogmatic, Euler conduct- 
ed prayers for his large 
household, and created 
mathematics with a baby 
on his lap and children 
playing all around. Euler 


withheld his own work on 


calculus of variations so 


that young Lagrange 
(1736-1813) could publish 
it first, and showed similar 


generosity on many other 


occasions. Utterly free of 


false pride, Euler always 


explained howhe was led 


to his results saying that 
"the path | followed will 
perhaps be ofsome help’. 
And, indeed, generations 
ofmathematicians followed 
Laplace's advice: “Read 


Euler, he is our master in 
all!”. 
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The Divergence of £ 1/p 


As mentioned earlier, Euler showed in addition th 
at the 


5 LLY LT ae 

watt 2 3 STN 
is itself infinite. We are now in a position to obtain this}, 
result. For any positive integer n > 2, let P » denote thesetofy, 
numbers less than or equal to n. We start by Showing that 


eau 


I] 


x J a ; ( 

peP, j=l J 
Our strategy will be a familiar one. We write down the folly 
inequality for each p € P, which follows from equation (4) | 
l l 1 1 | 
ON + es f 
es yy P p P p l 
The ‘>’ sign holds because we have left out all the positivett= 
that follow the term 1/p”. Multiplying together the correspont 
sides of all these inequalities (p € P,,), we obtain: | 
| 


1 l l l oi 
[] >M i 7s are 
y 2 3 p 
peP, 2 peP, 2 3 ý i 


we a 


i 


When we expand out the product on the right side, 
sum of the form È „< 4 1/ for some set of positive integet 

set certainly ie all the integers from 1 to” because 
P contains all the prime numbers between ] and tt: io 
(6.1) thus follows immediately. 


Next, we already know (see equation (3-3) that 


= l 
J +> inn +— > Inn 


j=l 


hi 


Fi 
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hi 


Combining (6.1) and (6.2), we obtain the following inequality: 
o : 
ll phe ee 

ty 


per. 


> Inn. 


Taking logarithms on both sides, this translates into the state- 
ment, 


(6.3) 


x 


1 
In Er > InInn. 
peP p 


( Our task is nearly over. It only remains to relate the sum 

Sen, 1p with the sum on the left side of (6.3). We accomplish 

iif by showing that the inequality 
7x 


an 
4) | 5 


(6.4) 


l-x 
holds for 0 < x < 1/2. 
| To see why (6.4) is true, draw the graph of the curve whose 


wil equation is y = In (1/(1 — x)), over the domain — œ < x< |, (see 
| Figure 2). Note that T passes through the origin and is convex over 


¥S-In(1-x) 
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Euler's Prodigious 
Output 


Ithas been estimated that 
Eulers 886 works would 
fil 80 large books. Dictat- 
ing or writing on his slate, 
Euler kept up his unparal- 
leled outputall through his 
life. Though totally blind for 
the last 17 years of his life, 
he promised to supply the 
Petersburg Academy with 
Papers until 20 years after 
his death; one came out 79 
years after he died! The 
Most prolificmathematician 
inhistory died while playing 
with his grandchildren and 
drinking tea. (Al! boxed 
notes on Euler taken from 
the IBM poster Men of 
Modern Mathematics 
1966.) 


Figure2 The graph shows 
that for 0< x < V2, we hove 


{2 In 2)x > In NAM-x)]. 


The Genius of Euler | 


Euler’s work on the zeta 
function, partitions and 
divisor sums remind us 
that he founded analyic 
number theory, while his 
creation of the theory of 
residues of powers and 
his proof of Fermat theo- 
rems are permanent con- 
tributions to elementary 
number theory. Various 
Euler equations establish 
his claims to mechanics, 
calculus of variations and 
hydrodynamics (where he 
gave the Lagrangian form 
as well as the Eulerian). 
The systematic theory of 
continued fractions is his, 
as is a major method in 
divergent series — justi- 
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fied, a century later, by 
analytic continuation. An- 
alytic trigonometry, quad- 
ric surfaces, theory of in- 
vestment and annuities, 
and linear differential 
equations with constant 


coefficients are among the 
manyelementary subjects 
whose present form is 
chiefly due to Euler. 
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its entire extent. (Proof: Write f(x) = — In (1 — sth $ 
Wl -x) and f”(x) = 1/1 =x)? > 0 forall x < 1) a. ae 
us 
The convexity of I implies that the chord joining th s 
A(0,0) and B(1/2, In 2) lies completely above a oe 
equation of AB is y = (2 In 2) x, so over the range 0 < oe <4 
have the inequality: Maf 4. 
en 
Gin Dee iy } wl 
l-x an 
Gincelln 2 0169315<'0.7 = 7/10, (6.4) follows a 
Inequality (6.4) implies that | 
$ 
i 2 ln l ( M 
7 =x | j ; 
y tle 
for x = 1/2,x = 1/3,x = 1/5, .... Therefore, by addition, 
led f (6) 
` Sie » ln sane 
7 ey | 
peP, |2 eP p i Th 
Combining (6.3) and (6.5), we deduce that 
eee) » Th 
—~>-InInn. 
2 3 7 = wh 
ee | ine 


herefore $9 i tim 


Asn — œ, the right side diverges to infinity, t A 
that of sho den 


the left side, so we reach our desired objective, 


: oth 
the divergence of ©; 1/p, (or 
An Alternate Proof We 

t 
; diveg 
Here is an alternate proof of the claim that x; mi jst” 
proof has been written in an ‘old-fashioned’ Ei Jet 
protest. Nevertheless, we shall present the proo Thi 
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t a for themselves. Let S denote the sum Z; l/p,. We shall make 
; ý of the following result: 
u 


j ewe 21l+x 
oi ; 
‘Tk with equality holding precisely when x = 0. Die graphs of æ and 
ty jx show why this is true; the oon graph 1S Convex over its 
entire extent (examine the second derivative of æ to see why), 
while the latter, a line, is tangent to the former at the point (0,1), 

and lies entirely below it everywhere else. Substituting the values 

<= 1/2,x = 1/3,x = 1/5, ..., successively into this inequality, we 


find that 


for all real values of x, 


i 1 A l l l 
| oa lta, et> tgo ei E 


3 
J 
| Multiplying together the corresponding sides of these inequali- 
ties, we obtain: 


e p +3) fig} 


The infinite product on the right side yields the following series: 


GA 


| 


reer ewes 
2'3 5 6 7 10 i D LAE i 


, This series is the sum of the reciprocals of all the positive integers 
( whose prime factors are all distinct; equivalently, the positive 
integers that have no squared factors. These numbers are some- 
sl an referred to as the quadratfrei or square-free URES ENS, 
| “tote this sum. We shall show that this series itself diverges, in 
“let Words, that Q = >. This will immediately imply that S =< 
re > O), and Euler’s result will then follow. 


is 
i ox (4 5 


This wer a 
Product, when expanded out, gives the following series: 


Johann Bernoulli 


Johann Bernoulli (1667- 
1748), the younger brother 
of Jakob Bernoulli (1654- 
1705} took it upon himself 
fo spread Leibniz’s calcu- 
lus across the European 
continent. Johann’s proof 
of the divergence of the 
harmonic series first ap- 

peared (1689) in Jakob’s 

treatise and with unchar- 

acteristic fraternal affec- 

tion, Jakob even prefaced 

the argument with an 

acknowledgement of his 

brother's priority. 
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re aAa 
NOE 
that is, we obtain the harmonic series. To see wh ae 
positive integer n can be uniquely written as a e Dote thate, Te 4 
uct 
free number and a square; for example, 1000 = 10 Cotas fi 
x 1052 g 
5 x 207, 1728 = 3 x 24”, and soo ii: 
; n. Now when we multiply $ 
la basiero 1 l Ie 
l+=+>4+7>+5+7+ -T ) 
l 2 n67 10°11 713 * ig tage ao 
js 
with 
IEE A + dypt 
7 3? o 
\ 
we find, by virtue of the remark just made, that the recipro 
each positive integer n occurs precisely once in the expat 
product. This explains why the product is just the harm 
series. Now recall that the sum a 
1 1 InIn 
let g tet es 
is finite (indeed, we have shown that it is less than 2). It flo 
that i 
, oes Send 
Q x (some finite number ° Fett 
p 
Therefore Q = © ,and Euler’s result (2; 1/9; = )follovs a 
> the sy 


: : paion diver 
Readers who are unhappy with this style of yas i w insta 


which ~ is treated as an ordinary real number E ee 
i 
i] 


interesting (but routine) exercise to rewrite the pi? a Oo, 
cisi 
with more exacting standards of rigour and pr | tand, 


Conclusion 


t 
stl 
ig shows ae 
A much deeper — but also more difficult — — analys! 4 gel” iin 
sum 1/p, + 1/p, + I/p, +... + I/p, is appro: 


= Digitized by Arya SSRN EMRE AON Chennai and eGangotri ae 


RTICLE 


ox J ae os ——— 
N = EN y 


J F; . 4 J 4 
riei infinita barmonict progreffionalium , 1 R cay ealed 
rA infinst ae akobs Tractatus 
(itits ny xe ndit Frater : inven Serlebus infinitis, re i 
ty <2 | Id primus deprenends é ta namque per præced, e 


i Ms 
ma feriei $ Hé t pet z5 + 75> &c. vilurus porrò, quid emer- shed In 1713, {From page 


x vi. Summs fe 


‘te pr ex ifta ferie, 3+ tritt 75> &cc. fi refolvererur me- 197 of Journey through Ge- 
he Eto Prop. XIV. collegit p opofitionis veritatem ex abfurditate nius by William Dunham } 
Deft que fequeretur , fi fumma feriei harmonicz finita ftatue-. 


ate Animadvertit cima : 

\ seem Azti tits +4 +, &e. o0 (fraftionibus fingulis: 
| is alias, quarunt numeratores funt 1, 2333 4 &e, transmutatis ) 

J feriei B+ tr t+ 3435 +7 &c.. 20 C+D+E+F,&.. 


Cate tri Hast yari gh» ec: per prec, | 


E... trbis zoti &e. 30 D- 404 LU, 


unde 
4 F. 00 0 @ eti ty tgz ke. 0E- oO} fequi- 
A if ; &e. 0 &c. J tur, fe. 
i Çriem G 30 4, totum parti, fi fumma finita effet; 
yaki 
; Fgo 
rm 


Inlnn. This is usually stated in the following form: asn tends 


| to~, the fraction 


folie W, + W, a Y, +o ty 


ln In n 


g to 1. This is indeed a striking result, reminiscent of the 
7 p e pi that 1/1 + 1/2 + 1/3 + --- + 1/n is approximately 
E p f It shows the staggeringly slow rate of diversos o 

a diverges + e reciprocals of the primes. The harmonic series X;1/i 
ie instance S enough — to achieve a sum of over 100, for 
o erainly not as need to add more than 10” terms, so 1t 1s 
Job that one can leave to finish off over a weekend. 


“0 you 
Í see where the number 10% comes from?) On the other 


d and, to 3 l 
! “chieve a sum of over 100 with the series X; I/p we need j 
«ld something i Shailesh Shirali 
ously | ing like 101° terms!! This number is so stupen- pole Steal 
ps? it Cl that it is a hopeless task to make any visual image of Rishi Valley 517 352, 
i n i = 7 A 
wl it; ; y there is no magnitude even remotely comparable to Chittoor Dist. {A PI, India 


Wh 
Ole of the known universe. 
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A state machine is a 
digital system driven by 
a clock that goes 
through various states 
(referred to as state 
transitions) on every 
tick’ (clock cycle). 
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Intel’s New P6 Processor 


Vijnan Shastri 


This article briefly describes the architecture ofa New m; | 
processor, called P6, being released by Intel Conse 
On, 


The P6 is the next processor to be released (sometime in 19h | 
Intel after the Pentium—currently the latest processor from tig 
P6 incorporates many advanced features such as superpipeltis 
super-scalar architecture, branch-prediction and advanced catty 


We will explore these features (see page 99) in the following py, 
it 


graphs and learn what these terminologies mean. 
Super-Pipelining and Super-Scalar Architecture 


Any processorisin facta complex state machine. A state machine 
is a digital system driven by a clock that goes through varios 
states (referred to as state transitions) on every ‘tick’ (clockcyck} 
The transitions through states depend on two sets of inputs: t 
current state and the outside world inputs. The outputs of 
state machine are decoded from (obtained from) the states of 
machine. For instance, if you were to build a digital stop wath 
then you would build a state machine with a clock periodo o 
second and the inputs would be the current time, start, stop a 
reset. The most important input for a processor is the t 
instructions it fetches. The main steps involved in thisk ; 
instruction fetch, decode and execute. Each of these oper ae 
some time. In early processors such as 8085, these oe ‘af 
place serially because the state machine was design® 
monolithic unit. However, in current microprocesso” ng 
machine is divided into independent units gher ae 
one another). This means that the instruction fetch pe” 
instruction and hands it over to t 


: 7 - ni 
decoding goes on, the instruction fetch U 


he decoding u ef 


ue 


, 


We di 
one pi 
with ; 
stores 
cours 
pipeli 
3! cycle) 
Will re 
(and 
degra 
desig 
them 
Unit « 
This 
Comp 
Puter 
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al a e 
nanecton | Dene | Eos] 

Decode 


instruction fetch 


“3 


h 


{ 

i 

f 

| 

| 

iM 

t| struction. When the current instruction is being executed by Figure! A 3-stage instruc- 

| ins $ 5 r p 

$ the execution unit, the decoding unit decodes the next instruc- fon pipeline. 

HA tion and soon. Note that this means that the processor executes 

“ oneinstruction every clock cycle. Hence, ideally all units are busy 
all the timeand this process is referred to as pipelining. Thisisshown 


| in Figure J, where a simple pipeline of three units is illustrated. 


We draw the following analogy: In a bread-factory assembly line, 
one person fetches the bread, the one next to him slices the bread 
with a slicing machine, the next one packs it, and the last one 
stores the packed bread in the shelf and maintains the count. Of 
TR both in this situation and in the processor, all units of the 
aN a must ae the same amount of time (typically one clock 
at €)to do their bit. If this is not done, the units taking less time 


Willremaj idlei 
ni| „main partly idle in every clock cycle. This may be desirable 


j ‘ndhumane!) in a human pipeline bu 


4 degradation ee Beane t will lead to performance 

designers i under-utilization of the Processor. Hence, 

ase temose orced to keep the decoding unit (which is usually The most important 

2 it T consuming process) simple. Keeping the decoding input for a processor 

d is is the = i having a reduced number of instructions. is the instructions it 

s “Mputer as aes ag the RISC (reduced instruction set fetches. The main 

a PUter), ©8085 iS sic nee (complex instruction set com- steps involved in this 

Bp 6for instance, are CISC implementations. process are 

ø Ve SPoken boha i instruction fetch, f 
ee basic units: fetch, decode and execute. decode and execute. í 

4 
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The P6 contains 14 
independent units 
(called stages), as 

compared to the 
Pentium’s five stages. 


The independence of 
the units allows the P6 
to simultaneously 
execute up to five 
instructions per clock 
cycle instead of one in 
the case of the 80486 
and two in the case of 
Pentium. 
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ee T ee falta 
super-pipelined. In addition to pipelining, the in dene tk 
units such as the integer units (two of them), floatin “Reef 
and address generator units allows the P6 to ṣi me ee 
execute up to five instructions per clock cycle instead a 
case of the 80486 and two in the case of the Pentium ee 
the P6 is called super-scalar. To further help this an i ° 
supports out-of-order execution of the sequential a teh ° 
stream (i.e., re-orders them) such that the independent p ’ 
all kept busy. This is done without affecting the eg 
program. In other words, the designers have done their besty 
build-in circuitry to try and keep all the units busy all the a 
This does not always happen because programs often onal 


instructions that depend on the previous instruction. Instructn Z 


The P6 contains fourteen such independent unit 
. 1 S 

as compared to the Pentium’s five stages. Henc 
. e 


$ 
$ 


B for instance is said to be dependent on instruction A, ifik! Me 
execution of B depends on the result of the execution of A. | Ae 
| tion 

Spat | jum 

Branch Prediction | k 


Í 


We have seen the pipe-lined structure of the P6. We also kat 
that the processor fetches its instructions one-by-onefromsi) Ap, 
sive memory locations. This is known as the program flow. Oel 2 pi 
a break occurs in the program flow. This means the pros 
must begin fetching instructions from some other Joce 
(rather than a successive location) and continue fetching it?) 
that location. These breaks are referred toas jumps sit 
processor jumps to a new location to continue its ont 
Jumps occur whenever there isa conditional instruction 


there are loops in a program. This is illustrated below: 


we 


1. if number A is greater than number B | Bye 
2. then multiply A by number C ing 
3, _ else multiply number B by number C aai 
4. fetch number D. 
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Features of the P6 Processor 


k Ú per-pipeline consisting of 14 stages. 
te » Hosas ion operates on a 133 Mhz clock and many instructions take a single clock cycle to execute. 
A si f ; , ‘ 
u e First ver us architecture capable of issuing upto 3 instructions at a time. 
-5C 
Si ° super 


llel execution units: 2 integer, one load, one store and one floating point unit (FPU). 
th e Spare 


Supports out-of-order execution of instructions. 
up 


f 16 Kbytes (8 kbytes for code and 8 kbytes for data). 


Ji » One internal cache © 

i A second cache (ona separate die but on the same package} of 256 kbytes with a separate 64-bit 
in e 

pi data path. 

ih pé is about 800 times faster than a 8086 and about 2.5 times faster than a Pentium. 

Ut , 

tu. | e Dissipates 20 watts of power. 

ne | Estimated initial price : $1500. 

a | 


in Now, while executing step 1 ifthe processor finds that number 
it Aisindeed greater than number B it will fetch successive instruc- 
tions of step 2(no jump occurs). But after executing step 2 it will 
jump to step 4 and there is a break. If the processor finds at step 
l that number A is less than number B then it jumps to step 3, but 
| nojump occurs between step 3 and step 4. 


ct 
fits An example ofa loop where the program calculates the power of 
j L given the exponent ‘n’ is as follows: 
ieS 
id 
‘a Pall 1} count=0, answer=] 
e 2. j 
: | do steps 3 and 4 until count = n 
A `  ONswer= 2*answer 
p 4, increment count 
5. store answer 


Until 
p the count is oy 


| 8 2 (phe the program will jump back from step 4 to 
| Te the value of count is checked). 
| Every time he: Bubbles are formed in 
` Ti . 
| TSttuction fetch S shiek in program flow the overhead on the the pipeline whenever 
| a a u i j 
FP , dis quite ith Ae 80 to a new location and start fetching there is a break in 
this leads to ‘bubbles’ in the pipeline. The program flow. 
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The branch prediction 
unit in the P6 uses 
statistical techniques 
to predict whether a 
(jump) branch will be 
taken or not and 
accordingly does the 
pre-fetching to avoid 
bubbles. 


Digitized by Arya Samj FATAR CARAT LEd eGangotri 


bubbles refer to the fact that some units will be ri p oga 
e Oro 


clock cycles depending on the overhead. Let Us Cormy, 
bread-factory analogy. Notice that the perso tng lng, | 
n who fetch, a pe 


bread would rather go and fetch many loaves of brei 
oven) than only one. That is because of the overhe A 
to go, pick and return — he might as well pick un oe 
than one. This is exactly what happens in a processo 


more efficient to fetch more than one instruction at 
a 


i] 
Tal Tathy 
T tis, 


memory and store them in an ‘instructi time frg 
A ruction queue’ in readings, 
Siy 


the decoding unit. This is called ‘pre-fetching, Let ussu |_| 
that the factory produces two varieties of bread (milk ee 
sweet bread) and the last person in the pipeline (who i 
keeping count) tells the first one: “ Enough of milk breads f 
need to produce sweet breads now”. The first person has ml I 
another oven and fetch the sweet breads. Till that time theory 
will be idle. On the other hand if the last person can predah | 1! 
advance and accordingly inform the first person to fetch sr: | 
breads, then there won’t be bubbles and no person will bet! 
The branch prediction unit in the P6 does something similar | 
uses statistical techniques to predict whether a (jump) branch) 
be taken or not and accordingly does the prefetching tos) 
bubbles. Since this is probabilistic, there are times when the) E 


dictions are not right and there is a temporary dip in perform 
| integ 
} a tec]! 
4 
of 38 


fees tal Seiler reel 


Caching 


The powerful computing engine capabl 
processing has to be supplied with data a 
is difficult to do if one considers the memory ™ ont) tea 
delays introduced by external electrical connections: i | : 


caching 
this, they have built two caches for the chip; = i 
jer article of the se JEA 


explained separately in an earl 
these (the level-one or L1 cache) is 1 
integrated with the processor core on t 
consists of around 5.5 million transistors: 
cache) is 256 kilobytes in size and built on 
consisting of 15.5 million transistors. 


The seco” jw’ 
s ` 
a sepata eM, tity 


The two 
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a j | Figure2 Theinternalstruc- 


. c and Data bus (64bits) fure of the P6 processor. 
ddress (36bits) an 
exer A 
| goas 
tt ie 
k | L2 Cache | 
Ar $4) 
sat) L 
athe | Back side bus j 
pee eg O aL 
isf {Memory buffer | r | 
fia 4 
sf pase yers [Memory  —— ] | | 
] moet | | Data | Interface Unit Sth 
PP Bus interface a cache | | 
da es a [Address gener- j] Inte 
A itd | | 
Ra | ation Unit #1 | || IData 
15 ay | z 
Ye mA || us i 
Fra a Instruction! err ae | | i 
sy instruction | \Address gener- | 1] | 
m | Fetch Unit ha cache ation Unit #2 | 
i Lo "| Micro i 
; | -Ops | ; -—-——-- | ‘ 
aay ag oanh | buffer — Integer Unit #1 The P6 can run 16-bit 
inie i | es j | | í 
i me] | nape] software but will do 
} | <p Buffer j ERT ; os. 
a m Integer Unit #2; í i so in an inefficient 
eiki | o | | 
i i haia | | = | manner. In fact the 
ilar, f af —— FPU Eei j 
i e pain Erone | performance of P6 
chri! d | | ; 
at E mer aT | | will be slower than 
EN Registers Unit | Reorder Unit ¢————____-5 | : . 
kep m] IER | | | the Pentium for 16bit 
software! 


| megrated on the same ceramic package and bonded together by 
( Pa called wire-bonding. This package, which has a total 
a Aa known as an yoM (multichip module). The L2 
separate ane Path to the bu interface unit of the processor, 
| s Ha ae to e main memory. Both these data paths 
e data is supplied 's sophisticated design of caches ensures that 
tion rate of the Proc to the P6 ata rate that matches the consump- 
essor. The existence of the L2 cache also saves 


| 
owh Ystem des; : 

| trouble a (designing boards with the P6 as the CPU) the 
et board design ae an external cache system and thus simplifies 
| Pe siderably. There is one caveat however to all this 


nh 
ancement. The P6 designers expected that by the 


t Mancee 
: “itwas rel 
i dts eased 


af ate and so > Users Would be predominantly running 32- 
SY Optimized the architecture for this kind 
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Intel has already of software. The P6 can run 16-bit software but = Ez = 
started development inefficient manner. In fact, the performance sea % k 
of the P7, which will than the Pentium for 16-bit software! This is be, 
push performance Intel has to pay to carry the ‘DOS baggage pes th, 

levels even further. article in Resonance Vol.1, No.1, on Windows a talig = 
processors. Malti, 

Conclusion ` The 

thel 

trib 


Although P6 is a high-performance microprocessor t ; 
feature rich architecture, it has competition from other pa Uni 
such as AMD’s K5, NexGen’s Nx586 and Cyrix’s 5x86 which 

x86 code and all of which share architectural innovations sn E 
to the P6. The markets will ultimately decide which o, A 
succeeds. Meanwhile, Intel has started development of the if ae 
which will boost performance levels even further. Í 
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sal Nature Watch 


Ns , 

a Diversity of Bats 

ty 

tig G Marimuthu 

liy 

hor introduces us to the fascinating world of bats: 

me ae classification, habitats, food habits, and dis- 
their tea ? 
tribution. 

ith 


Unique Characteristics of Bats 


tn Bats are the only mammals that can fly. dns, are ciete pean 
mik! oftheir capacity for flight and echolocation and their ability to 
| mh hang upside down. Zoologists place the bats under the order 
hei known as Chiroptera. In Greek, the word chiro means hand, and 
pera means wings. Their hands are modified to form a wing 
membrane which is a fold of skin stretched from the sides of the 

_ body to the elongated finger bones. The thumbs are free from the 
| stretch of these wing membranes. The wings are divided into 
| separate compartments by the elongated fingers. In this way, bats 
| differfrom the pterosaurs (the extinct flying reptile) whose wings 
__| Were also folds of skin, but supported by a single elongated finger. 
The hind legs of bats also support the wing membranes. A few 

| Species of bats have a short or long tail which is either partly 


en ac) ib 
} Closed by the tail (interfemoral) membrane or extends between 
i the two legs, 


t 


| Bats a : 

l; X found in all parts of the world except the Arctic and 

| Marctic regions Th i 

La - the order Chiroptera comprising of nearly 850 

i e second largest in the world coming right after 
Squirrels, etc.). Table 1 lists the 18 different families 


| 
| “dents (mice 
} umb i RARE E 
3 eT of species, their distribution and the type of 
er, 


Bats 
Pi Mena, nged i ; 
l "Bchitons into two major Categories or suborders: 


era and x : 
Microchiroptera, As the name implies, 
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G Marimuthu, 
affectionately called 
"Batman" has made 
pioneering studies on the 
behaviour and ecology of 
Indian bats. How bats 
catch frogs has been a 
major theme of 
his research. 


Bats are unique 
because of their 
capacity for flight 
and echolocation 
and their ability to 
hang upside down. 
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Table 1. Diversity of bats A< 
bi a 
with their classification, distribution and diet. 
set Suborder | ie 
a Super family Distribution Diet No. of ee 
$ Family Species ie 
nat Megachiroptera 
bs Pteropodidae Old World fruits, nectar 159 : 
(Old world fruit Tropics and flowers 
bats, flying foxes) 3 
ie Microchiroptera i 
= Emballonuroidea 
Sà Rhinopomatidae Africa, Asia insects 7 / 
(Mouse-tailed bats) and Borneo | 3 
is Craseonycteridae Thailand insects 1 | ' 
[Hog-nosed bats) | 
. Emballonuridae Tropics insects 44 ac 
(Sheath-tailed bats) i 
m Rhinolophoidea | 
e Megadermatidae Old World animals from 5 a 
(False vampire bats) Tropics mD i ` 
vertebrates i 
+ Nycteridae Africa to Java from insects to É | : 
(Slit-faced bats) and Sumatra vertebrates | 
* Rhinolophidae Old World insects 3 l 
* Hipposideridae Old World insects ac 
{Old world leaf- Tropics 


nosed bats) 


Echolocation of bats is a mode of 
detecting obstacles, by emitting 
high frequency ultrasounds and 
analysing the echoes that hit and 
come back from the obstacles. 


> g ter 
megachiroptera represents large bats, in which 150 m ey 
cluded. They are characterized by large eyes ands sists ai dhe og 
ears with no echolocation ability. Microchiropier? A Rr 
700 species. They are smaller in size, have S ae 
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` e No. of 
| suborder Distribution Diet 


fa : species 
| super family 


{ il = eT ee er 
Y family 
tomoidea 
| phyllos ; New World insects and 2 
| Noctilionidae ; 
i e Tropics fish 
> Bulldog bats) 
i i New World insects 8 
L, Mormoopidae 
mustached bats) , 

] Mystacinidae New Zealand insects, fruit, ] 
Short-tailed bats) nectar, carrion 
phyllostomidae New World insects, fruit, 123 

‘| New world leaf- Tropics pollen, verte- 
\ nosed bats) brate’s blood 
( 
| 
ao Vespertilionoidea 

0 Natalidae New World insects 4 
| [Funnel-eared bats) Tropics 
| Furipteridae New World insects 2 
| Mhumbless bats) Tropics 
i|° Thyropteridae New World insects 2 
| (New world disk- Tropics 

winged bats) 
i Vespertilionidae 5 Worldwide insects, fish 283 
| Plain-nosed bats) and other 
| 4 vertebrates 
| kaspodidae Madagascar insects 1 
| (Old World disk- 
| Winged bats) 
| Molossig 
F Tropics insects 82 


Free-tailed bats) 


j 


Their : 
1 sang ears are larger in size with a variety of elaborate 


ii ol Surro A 
A E on aoe sins the car canal in addition to the pinna. 
of nj © seen here is 
ting upwar thy the tra 


gus. It is a spear shaped 
m the base of the ear up till the middle 
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Figure I{a) (top left) A 
colony of the Indian flying 
fox Pteropus giganteus 
roosting during daytime 
hanging from a banyan free. 
Figure I(b) (top right) The 
Flying fox, so called since 
the facial features appeor 
like those of a fox. 


Figure 2 (bottom lefi) A 
portion of a large colony of 
the fruit bat Rousettus 
leschenaulti, occupying an 
unused temple. 


Figure3 (bottomright) The 
short-nosed fruit bat 
Cynopterus sphinx. 


portion of the ear canal. The brown long-eared bat of Europea 
pinnae that are almost as long as its body. A few microchip 
havea fleshy appendage surrounding the nostrils (Figures4 5 a 
known as ‘nose-leaf’. It aids in echolocation. 


The size of the bats shows an amazing variety. The megati. 
opterans are commonly known as flying foxes. The Indian fi 
fox Pteropus giganteus is one of the largest bats in the worl! | 
weighs about 1.5 kg. and has a wingspan of more than! metre 


the other hand the hog-nosed bat (microchiropteran) weighs 
2 g.and has a wingspan of about 13 cm. This is the smallestku 


mammal. It was discovered in 1973 in Thailand by a zool 
Kitti Thonglongyai and is hence named Craseonyctens thonglog 


Habitats 


Indian flyiae 


Bats live in different types of habitats. The 
m the branch 


Pteropus giganteus lives in colonies and hangs fro 


| 
| Food 


Regard 
frits li 
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| small a 
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| blood c 
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ee 


mango and tamarind. The majority of the 


panyaas sae 3 : 
a such a5 ans live in dark caves and rocky Cece Outer 
jccochit© Aa hollow trees; culverts, the underside of bridges 
: es s 
| pesi ins are also occupied by bats. A few species 
dod yoused DU im leaves by biting a series of holes across the 
| podify tich makes the leaf hang like a tent. The bats 
a 
wre of the £ th. The short-nosed fruit bat of 
| ceo fom the apex underneath | me... ; Figure 4 The leaf-nosed 
| pang Cynopterus sphinx modifies the twigs of the creeper plant bat Hipposideros speoris. 
India, CY" Me. -like tent and lives inside. 
| yemonia, shapes 1t into a dome 
ly food 
ery : : : 
nll) Regarding the type of food, the megachiropterans feed mainly on In India, of the 12 
uits like grapes, guavas, custard apples, bananas, papayas and species of fruit bats 
chickoos. In addition they feed on leaves, petals and nectar. The found, three are very 
ati! picrochiropterans generally feed on insects like moths, beetles, common: the Indian 
fiel crickets and mosquitoes. In addition, a few species of bats feed on flying fox Preropus 
rit} small animals like fish, frogs, mice and geckos. The vampire bats, giganteus, the fulvous 
10} which live only in Central and South America, feed upon the fruit bat Rousettus 
S00} blood of large animals like horses, cows and pigs. Each night a leschenauffiand the 
ko] vampire consumes 10-15 ml. of blood. short-nosed fruit bat 
olog ; 
a hits in India Cynopterus sphinx. 
In India, of the 12 s ecies of frui 
cane P = of fruit bats found, three are very 
ee ‘ the Indian flying fox Pteropus giganteus, the fulvous 


cist ee, and the short-nosed fruit bat “gure 5 The leaf-nosed 

i erent Borr w 1 ue ceo of microchiropteran bats live 
ats, Himala ndia including the Eastern Ghats, Western 
i yas and Andaman and Nicobar islands. A few 


Necieg Which S 
live j s 
an ve in South India are illustrated in the following 


bat H. fulvus. 


TheIngi 
Kee lan flyin 7 
tsina colo zox (Pteropus giganteus) as mentioned earlier 
j. ny consisting of 


Pa only in th hundreds of individuals (Figure 1a, 
yh, fewer we eo Of trees. ‘Compared to other bats, 
| Unt this a ee Humans are potential predators and 

a source of protein. However, we once 
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Figure 6 (top left) A por- 
tion of the colony of the 
leaf-nosed bat H. ater, oc- 
cupying an unused build- 
ing. 


Figure 7 (top right) The 
sac-winged bat Taphozous 
nudiventris kachhensis. 


Figure 8 (bottom left) An 
adult male tomb bat T. 
melanopogon has black fur, 
called a ‘beard’ at the ven- 
fral neck area. 


Figure9 (bottomright) The 
free-tailed bat Tadarida 


aegyptiaca. 
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observed a python capturing and feeding on this large-sized | 
at 


© The fulvous fruit bat (Rousettus leschenaulti) roosts in cl 
in unused buildings and temples. It weighs about 110g, Foe 
shows a section of a large colony of about 15,000 indivi 
occupying an unused temple. e] 
| roosi 
© The short-nosed fruit bat Cynopterus sphinx (Figure 3) pe bert 
foliage roosting. It roosts in trees under the dried leaves ofKit they 
palm, creeper plant Vernonia, etc. It weighs about 45-50%. Ile 

in clusters of small colonies of about 10-30 individuals. Theat) © T 


males are yellowish in colour. | lives 
| hum 
The following are the echolocating and insect-eating bis | | deep 


(Figure 4) ini, os 


© The leaf-nosed bat Hipposideros speoris 
uee aa and 


colonies in caves, temples, unused buildings, ett: 
11 g. The fur of the adults is yellow. It breeds all throu 
but more young are born during September-October Th 
viduals do not cluster together. 
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| Theleaf-nosed bat H. fulvus (Figure 5) lives in colonies mainly in 

a Itweighs about 9g. The fur of the adults is white on the ventral 
es. : 

4 oF yellow on the dorsal sides. They breed from April to July. 


/ ° The leaf-nosed bat H. ater prefers unused buildings (Figure 6) for 
| roosting during day time. It weighs about 7g. It breeds from Septem- 
piiki ber to December. A unique feature of the hipposiderid bats is that 
fk, they frequently move their head and ears while roosting. 
Tele) 
ta © The sac-winged bat Taphozous nudiventris kachhensis (Figure 7) 
| lives in vertical rock crevices and weighs about 40 g. Upon close 
human approach the individuals crawl on all fours and move into 


om deeper parts of the crevice. These bats breed during October-November. 
| 


is, Thetomb bat Taphozhous melanopogon (Figure 8) lives in caves 


w/ i 
sh , eS temples and weighs about 25 g. The adult males have well 
veloped black beards. They breed during April-May. 


the 
hei 


| * The free-tailed b 
| Darrow 


ee at eden aegyptiaca (Figure 9) also lives in 

| iv aa ee It has wrinkled lips especially on the upper 

itterfemg ila E 20 g. It has a short tail extending from the 

| en during mbrane. The individuals in a colony are noisy 
€ day. These bats breed during September. 


Themo 
Use-tai ; 
Ws and ss TA bat Rhinopoma hardwickei (Figure 10)livesin 
Slender tail hy evi. It weighs about 17 g. It has a long 
- It breeds twice a year in April and November. 
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FigurelO (fopleft) Acolony 
of mouse-tailed bats 
Rhinopoma hardwickei, oc- 
cupying an unused tunnel 
íin a building. 


Figureli (top right) The In- 
dian false vampire bat 
Megaderma lyra. 
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@ The Indian pygmy bat Pipistrellus mimys ist os Fae 


India, weighing about 3 g. It lives in all sorts ee Small 


laces wit i ti 
3 ai 
y 3 Its wi 
underparts ofits body which come in contact Sih back and | 
Stones > 
yyy Eo 
; : : z ndi 
gives birth to twins three times a year thus produ 
c 


cracks and crevices. It slips into these spots 3 
n 


Twin babies is a characteristic of this bat Ani 


i is i ing six inp, 
in a year. This is a fast rate of reproduction Ife! 
among bas, | asta 
byt 
Figure jy... hexa 
in caves and unused buildings. It weighs about 40g He we 
5 . I$ ¢4 it 
orous — feeds upon frogs, mice, geckos, larger insects k iy 
) x ttal 


large and medially fused pinnae which receive the weak wl The | 


@ The Indian false vampire bat Megaderma lyra ( 


created by the movement of its prey on the ground, Itbreeds fee! arom: 


March to June. arom 
act 4 


Some of the species of bats mentioned above live in differempy Hesa 


of the same caves or buildings. ine th 
Suggested Reading | Imag 
| fluor 
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And the latest from the 
world of honey-bees and 
their dance language. 


Breakdance ? That's bad 


Janguage ! 


u 


fey 


lit, 
ath | 
Itty 
Sou 
Sftog 


tpar 


acationic benzene derivative has been prepared 
Dee cement of all the fluorine atoms of 
by r on enzene by six molecules of 4-dimethylamino- 
hexa uo 


pyridine. 


The n ucleophilic displacement of a halogen atom attached to an 
sromatic ring is not a very favourable process.! Polyfluorinated 
aromatics are interesting in this regard, since the fluorine atom can 
act as a leaving group, as well as an activating group. 
Hexafluorobenzene, therefore, has been a popular molecule to exam- 
ine the displacement of all the fluorine atoms by nucleophiles. 


Imagine the (hypothetical) displacement of the fluorine atom of 


| fluorobenzene by 4-dimethylaminopyridine(DMAP). The prod- 


uct of this reaction is a cation (an onium salt), which of course is 


| lsonance stabilized as shown in Figure 1. If we try to extend this 


idea with hexafluorobenzene, we would expect a 
hexa(onio)substituted benzene! At first sight this would appear 


{0 be impossible because of the accumulation of like charges. 


Howey : ; 
er, German chemists Robert Weiss and coworkers have 
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y Molecule of the Month 


A ‘Hexacationic’ Benzene Derivative! 


Ni 4 


Uday Maitra is a member 
of the Organic Chemistry 
Faculty at Indian 
Institute of Science. 


Rises 


‘Usually, aromatic compounds 
undergo electrophilic substitu- 
tion reactions. Nucleophilic 
substitution on an aromatic ring 
requires electron withdrawing 
groups on the ring (or, special 
reaction conditions, as in a 
benzyne mechanism]. Such ‘ac- 
tivated’ aromatic halides un- 
dergo nucleophilic substitution 
by an addition-elimination se- 
quence. The negatively charged 
addition product is called a 
Meisenheimer complex. 


Figure 1 Resonance stabi- 
lization in N-pheny!l-4- 
dimethylaminopyridinium 
solt. 
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Figure 2 Synthetic route to 
hexacationic benzene de- 
rivative 4. 


2 Perlonio) refers to the com- 
plete substitution of all 
displacable groups (F) by the 
cationic group. For example, 
perfluoroalkyl group refers toa 
Cp Fone unit. 
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E F = 
F 
F F 
1 
(CHa)sSi0S02CF3 [3] 
CHgCN, 80°C, 7 d -6 (CHa)aSiF 


L? 
Lt 


recently shown that it is indeed possible (R. Weiss et al., Ange 
Chem. Int. Ed. Engl., 1995, 34, 1319). They simply reat 
hexafluorobenzene (1) and DMAP (2) with trimethyl} ya) 
trifluoromethanesulfonate (TMS-triflate, 3) in refluis hexacy 
acetonitrile for seven days. What was formed in almost W tomp; 
tative yield is the per(onio)? product 4, with six triflate a hexacy 
ions (Figure 2). Clearly, the formation 0 el 4 


f this product isal 
: o 
the formation of strong Si-F bonds in the other produci 


reaction. 


Salt4was crystallized from hot water, 
were investigated by X-ray structure a e 
were found to be almost orthogonal with respect iy a 
ring (with a torsion angle of 80°; note that the E joss 
hexaphenylbenzene is 65°). Of the six triflate e ¢ 
were found to be closely associated with the beng so 
one sitting above, and one below the be 


va: 


nzene 1’ 


| How would you expect the reactivity of 4 to be? Since it is 
| substituted by six cationic units, one would certainly expect 
|\eatly facilitated nucleophilic substitutions. In fact, if 4 is 
‘| simply boiled with dilute NaHCO, solution for 30 minutes, 
| Smpound 5, resulting from the displacement of one of the 
| DMAP units, is formed (Figure 4). It is interesting to know that 
‘hexacyanobenzene also undergoes an analogous reaction under 
alee conditions. The difference between 4 and 
tl ‘yanobenzene is that in 4 the activation is exclusively via 

| whereas in hexacyanobenzene -M effect 


) ectrostatic effects, 


( ; 
Dlays an Important role. 


0.1 
4 _' N NaHco, 
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Figure 3 Approximate ball 
and stick model of the mo- 
lecular structure of 4 in the 
solid state. Only the two 
closely associated friflate 

anions are shown. The 

hydrogen atoms are omit- 

ted for clarity. 


>The -M effect refers to elec- 
tron withdrawing ability 
through resonance (mesomeric 
effect). Electron donation 
through resonance is repre- 
sented by +M. 


Address for correspondence 
Uday Maitra 
Department of 


Organic Chemistry, 
Indian Institute of Science, 
Bangalore 560 012, India. 


Figure 4 Facile nucleo- 
philic displacement of one 
ligand from 4. 
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In this section of Resonance, we invite readers to pose questions like] 
; 3 : J to 
a classroom situation. We may suggest strategies for dealing with th : 
; em 
responses, or both. “Classroom” is equally a forum for raising broad 
er 


Craine piss 
3 OF ia plain | 
issues oy a 


sharing personal experiences and viewpoints on matters related to ç hi 
eachi 
learning science. ng a glread 
| Indian 
Í cover í 


? An observer points a torch at a mirror which is wi ce 
away at a velocity v The frequency of the light isv The i ei 
reflected at normal incidence has a lower treaa 


calculation including special relativity, gives the result 4 


= v(—— -) Hydro 
CEV. 


where cis the speed of light. Why is this different from fen 


standard Doppler shift formula for a source moving at avel bef 
of v? This reads Koma 
EN i 173). 1 

T+V penyli 

Can one speak of a velocity of the image and if so whati benz 


An unusual case of suicide by drowning, 


boys ~.. 
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ance is meant to raise thought-provoking, interesting, or just 


7 Reson 3 
tion of tions every month, and discuss answers a few months later. 


edi pis ser cing ques 
m „gin brain-teas tions for such questions, soluti ] 
m plain welcome to send in sugges q s utions to questions 

ll e ; . : 

boy Readers ar d, comments on the solutions discussed in the journal, etc. to Resonance, 
} se . . . 

Bo go y of Sciences, Bangalore 560 080, with “Think It Over” written on the 
f ian ca P 2 H 
| Ind rdt help us sort the correspondence. Due to limitations of space, it may not 
E ll the material received. However, the coordinators of this section 


| pe possible to use a : a tected 3 : 
Mis ‘eyrrently A Sitaram and R Nityananda) will try and select items which best illustrate 


i ( 


ki! various ideas an 


ny 


| 
Hydrocarbon Acts Funny! 


d concepts, for inclusion in this section. 


Photon Rao, Department of Or- 
ganic Chemistry, Indian Insti- 
tute of Science. 


an Cen a hydrocarbon of formula C,,,H,, the last thing one 

| expects is that itis ionic. But, yes, that is what it was reported by 

the Japanese chemists K Okamoto, T Kitagawa, K Takeuchi, K 

Komatsu and K Takahashi (F. Chem. Soc., Chem. Commun., 1985, 

113). When tris ( 5-isopropyl-3,8-dimethylazulenyl ) cyclopro- 

penylium perchlorate, C,,H,,* CIO , and potassium tris (7-H- 

at lbenza [cg] flurenylidenemethyl), K+C. H~ were mixed in 

—/‘tahydrofuran the organi lid A A Rei d ish 
tack apais crab ganic Son was obtained as greenis 

tough purely or pra le upto six months under argon. Even 

' ganic examples of ionic compounds were known 


thi 5 
] ti his was the first hydrocarbon to earn such a distinc- 
n. Usually 


t 

a Berie a pepe tons and carbanions, if mixed together 
FY) ployed . a Single bond. Can you figure out the tricks 
wh e $ 

| Mticcompounds researchers to realise the hydrocarbon-only 


A 
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The 1995 Nobel Prize 
in Physiology or Medicine 
Flies Take Off at Last! 


Vidyanand Nanjundiah 


The Nobel Prize in Biology (correctly stated, 
in Physiology or Medicine) for 1995 was award- 
ed jointly to Edward B Lewis (77 years old) of 
the California Institute of Technology, 
Christiane Niisslein- Volhard (52) of the Max 
Planck Institute for Developmental Biology 
in Tübingen and Eric Wieschaus (48) of 
Princeton University. Among other reasons 
given in the citation, the award was “.. for 
discovering how genes control the early struc- 
tural development of the body ”. 


These three workers studied the genetic basis 
of development — meaning the set of pro- 
cesses that convert an egg to an adult — in the 
fruit fly Drosophila melanogaster. They asked, 
in what manner do genes contribute to the 
changes that take place as the fly’s egg first 
becomes a larva and eventually an adult? 
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Specifically, are there Bene 
anter1or-to-posterior Patternin Buide, 
body into head, three die k theg 

tho 4 


ee 
a 
ments and eight abdomina] se “ey \ 
answer is: yes, there are auch Emen i 
Edy 


S that p 


unexpectedly small number at y 
that, 


Play, a 
Mutan f, 


existence, as well as the roles the 
inferred from what happens A 


lacking one or the other of these ve 
nies, 


= 


ime start with, let us recall that EN, | 
insect. Also, it is a member ofa larger a Bat 
the arthropods, that are characterised i A ; 
basic body plan that consists of paired gg F i 
ed Srements called metameres, Metaney (Ox / 
design is obvious when we look at the lire pair o 
worm-like stage of the fly, but close obser) menti 
tion shows that it also exists in the atu} the th 
other words larval segments resemble ei ancer: 
other markedly, but the segments inthe havet 
are very different from one another. Inek additi 
the question asked by all three prize wine placed 


was, why are all segments not the same? | Stands 

10 wit 
E B Lewis started his work in the 19405 natch 
that had b# 


( 


a mutant, known as bithorax, 


CC-0. In Public Domain. Gur 


Figure! A typical four-winged y 
ed when certain bithorax m! 


0 
brought together in ae, a 
tions (Reprinted fromcurren 
1995) 
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obel Laureates in “Biology” 


1995 N 


Mle | edward B Lewis and Eric Wieschaus 


Christiane Nia Volhard 


”.. for discovering how genes 
control the early structural 
development of the body’. 


Wi 
rey isolated earlier by the distinguished geneti- 


ed bl cst, CB Bridges. Bridges had found that flies 
Ite. ith two copies of the mutant bithorax gene 
ane, »(br / bx) tended to develop portions ofan extra 
ie hy pair of wings. In normal flies the second seg- 
bsn ment ofthe thorax carries a pair of wings while 
dkt the third thoracic segment has a pair of bal- 
ble ed ancers, or halteres, attached to it. Bithorax flies 
hele have the normal pair of wings all right; but in 
nels addition, the front half of each haltere is re- 
vine placed by a half- -wing. The transformation 
me? |Sunds out because halteres are tiny compared 

E _ 0 wings and the j juxtaposition of the mis- 
it “tached halves presents a strange sight (Fig- 


| 
J 


Segmentation 
Pattern 


et ae eee 


~ Haltere 
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ure 1). Such a phenomenon, where a segment, 
or a portion of a segment, gets replaced by 
another segment, is known as homeosis. 


Lewis identified a whole series of homeotic 
genes in what came to be known as the Bithorax 
complex. A number of important conclusions 
emerged from Lewis’s study of homeotic 
mutants. Let us denote the segments of the 
body by the symbols H (for head), T Fe [i 
(for the three segments of the thorax) andA,, 
A,,....A, (for the eight segments of the abdo- 
men; see Figure 2). First of all, mutations in 
two genes, bx and pbx, causea T, > T switch. 
Therefore, in the normal fly, the genes in 
question must be needed to make T, develop 
differently from T,. One says that the action 
of bx and pbx confers segmental identity to T}. 
The same thing can be said in different words: 
the wild-type gene breaks an underlying sym- 


Figure 2 A diagrammatic representation of 
segmentation inDrosophila. The worm-like pat- 
tern seen in the larva is retained in the adult fly. 
T1-T3 are thoracic segments, Al to A8 are 
abdominal segments. Drawn using a computer 
(based on Gilbert 1988). 
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The question asked by all three 
prize winners was, “Why are all 
segments not the same?” 


metry between T, and T,. On the other hand, 
the double bx pbx mutant reveals the existence 
of the symmetry. Similarly, other genes of the 
Bithorax complex are responsible for breaking 
the symmetry between A, and T}, between A, 
and A, , and so on. The deepest symmetry of 
all is unveiled when the entire complex is 
deleted, because in that condition all seg- 
ments posterior to T, look like T,. As Lewis 
pointed out, both single gene mutations and 
the deletion of the complex appeared to evoke 
traces of the fly’s evolutionary ancestors, four- 
winged insects like dragonflies and worms. 
However, the mutants are not true throwbacks 
to an ancestral form; the four-winged fly can- 
not fly and the H-T,-T,-T,- ... -T, larva dies 
very early. This means that other genes must 
also have evolved in the course of the evolu- 
tion from worms to flies. As you must have 
noticed, the Bithorax complex does not seem to 
be required in H, T, and T,. It turns out that 
these segments depend on the activity of an- 
other set of homeotic genes, also constituting 
acomplex, known as Antennapedia. Genes such 
as those of the Bithorax complex have been 
called master genes or control genes for the 
specification of body pattern. 


Niisslein-Volhard and Wieschaus are respon- 
sible for identifying three families of other 
master genes which regulate body pattern well 
before the Bithorax complex becomes active. 
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(They do so soon after fertiljzay: 
some cases even before the a OD, aaj i 
come subdivided into cells i a "f à 
treated fly embryos with $ ce two k na 
and with the aid of stan ian an ee 
tedious procedures, set about ia pebi 
many genes as possible that ca h 
body patterning along the eS o Fi 
axis. The results were astonishing a enes 
spects. Firstly, the total number femal eara 
genes turned out to be unexpected, replat 
just 15 in all. Today, 16 years Lea evel; 
still remains small. (It would not hae ed, m 
considered strange if hundreds of gest p 
participated in the major decisionmtw This 
steps necessary for the specification oft Wies 
body plan.) Secondly, the genes fell nat explo 
into three families. Within each familya, ard 
tions had striking but distinct effects. | mü 


| specii 
© The first class of genes were named idea : 
genes. When mutated so that their ft order 
was lost, they gave rise to larvae with ga in the 


f 
varying extent in the segmental patet. | body 
athe hi 


© Next were the pair-rule gens a 
caused the most surprise when peor? Wha 
heard about them. Mutations in thes d a 
cause the elimination of portions ofthe 3 
pattern in a periodi 


c fashion: The A of 
0 
thing was that the period did note? 


Searc 


E 
A phenomenon, where 0 i 
ment, or a portion ofase9 


igitized by Arya Sap 


as might have 


put to that of two segments. By 
? 


nate segments, the pair-rule 


an underlying periodicity in 
gments as the unit. 


ter: 


the Finally: there were the segment polarity 
w ọ Findlty> 


ei epes. When mutated they led to the a 
ty ae ofa portion of each eee: oe its 
nik eplacement by the ET p or IR: w 
Js yer, the replacement has ie polany oyen 
mn eg, meaning that the duplicated portion is a 
Nebe mirror image replica of the undisturbed part. 
Tok 
Tuy This report of Niisslein-Volhard and 
Loft Wieschaus was so illuminating that itled to an 
at explosive burst of activity on the part of re- 
N02 searchers all over the world. Thanks to it we 
| can today begin to build a model of how genes 
_ specify the body plan of Drosophila. The basic 
meig idea seems to be that there is a hierarchical 
fun orderto genetic activity. Genes that are higher 
hg in the hierarchy specify gross features of the 
ert | body plan and genes that are lower down in 
i Oh hierarchy sharpen the specification further. 
" 4 What Thave described is the barest outline of 
“i ee know about how genes regulate the 
e oo ane Avie Been So, it is apparent that 
ti of both as Sena si glimpse isone 
“arch is going on pee Fuither ne 
n attempt to decipher 


complex have b 
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The achievements of Lewis, 
Nüsslein-Yolhard and Wieschaus 
constitute a striking vindication of 
the power of formal genetic analy- 
sis in the study of development. 
“Look for the genes behind the 
phenomenon” has turned out be a 
successful philosophy. 


the details, especially the molecular details, of 
the working of these ‘master’ genes. The 
achievements of Lewis, Niisslein- Volhard and 
Wieschaus constitute a striking vindication of 
the power of formal genetic analysis in the 
study of development. “Look for the genes 
behind the phenomenon” has turned out bea 
successful philosophy. Their work needed very 
little by way of sophisticated equipment; per- 


haps a good dissecting microscope, but that is 
all. Why then did no one attempt it earlier? 


Suggested Reading 


S F Gilbert. Developmental Biology. (Second Edi- 
tion) Sinauer Associates Inc., Sunderland, 
Massachussetts. 1988. 

EB Lewis. A Gene Complex Controlling Segmenta- 
tion in Drosophila. Nature. 276:565-570. 1978. 

C Nusslein-Volhard, E Wieschaus. Mutations Af- 
fecting Segment Number and Polarity in Droso- 
phila. Nature. 287:795-801. 1980. 
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of Animal Design. Blackwell Scientific Publica- 
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An Important Mathematical 
Theory Explained 


A Well Written Book for the B.Sc. and 
M.Sc. Student 


S Thangavelu 


Fourier Series. 
Rajendra Bhatia 
Hindustan Book Agency, Delhi. 1993 
pp.106. Rs.95. 


Pourker Serka 


The theory of Fourier series is one of the most 
powerful theories that mathematicians have 
developed. It has a wide range of applications, 
not only in mathematics and natural sciences, 
but also in engineering fields. Any student of 
science and engineering must learn the rudi- 
ments of the theory. Although there are sever- 
al excellent text books on the subject they are 
of no use to poor Indian students studying in 
remote colleges without access to good librar- 
ies. It is a pity that in a vast country like ours, 
good text books are not written and published 
at affordable prices. The book under review, a 
small book on Fourier series, is the outcome of 
an attempt to alleviate the scarcity of reason- 


able mathematical text books in the country. 


e 


A most books on Fourier series would do, this 
one introduces the subject through a partial 
differential equation, in the present case, the 
equation of Laplace. Once Fourier series is 
defined, one can take off and develop the 


subject in several directions. As this book is 
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historical development of the subject. | SKr 
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There are five chapters in this book. nt 
first chapter the author treats the Lae 
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itdi and Other Essays 
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| mo ution to the theory of evolution. He and 
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é ab genetics, He wasa liberal individualist, a lead- 
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S Thangavelu is with Statistics and Mathematics Unit, 
Indian Statistical Institute, R V College Post, Banga- 
lore 560 059. 


University College, London, where Haldane 
was at that time a professor, and became his 
student and later his colleague.” 


The essays covered in the book range from 
articles intended for a scientific readership to 
others written for a daily newspaper, and are 
comprehensible without the need for any spe- 
cial technical knowledge. The book is inex- 
pensive enough to make it affordable and 
worthy enough to make efforts to locate and 
buy it. The introduction by Maynard Smith is 
evocative and gives an endearing perspective 
of Haldane and his essays. There are in all 
nineteen essays here, with three small bits in 
the appendix. The essays are arranged in chro- 
nological order and cover the period from the 
1920s to the 1940s. The articles: ‘Is History a 
Fraud?’, ‘God-Makers’, “The Origin of Life’, 
‘What “Hot” Means’ and ‘Cats’ appeared in 
the Daily Worker . Most of the other essays 


This book is a collection of his 
essays, compiled by John Maynard 
Smith who in his introduction 
mentions their impact on him 
when he came across them in 
school. 
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J B S Haldane (1892-1964) 


Haldane is today remembered mainly for his work 
on evolution, but that is only because his first rate 
workin several other areas pales in comparison with 


his work on evolution. 


Haldane’s contributions to developing a quantitative 
theory of evolution, or population genetics, were 
fundamental. The gigantic task of proving beyond all 
doubt that Mendelian principles could provide the 
link between genetics and evolution as demanded 
by natural selection (as Darwin's theory was called) 
was accomplished by J B S Haldane, R A Fisher, S 
Wright and S S Chetverikov. 


Haldane’s interest in genetic structure was lifelong. 
At the age of 16, he discovered the phenomenon of 
linkage lin mice), which means that genes are not 
free to ‘move’ independent of one another. He was 
also the first to discover linkage in humans; he pre- 


Pi 


fod 
sented the first genetic Map of q hum ga 


some and the first estimate of a h Mon dhen, od 
Um 


rate. Realizing the importance ofGanoy, Mit glac 
SSlide {rom 


the inborn errors of metabolism, h e 
e Considere dent 
‘one gene one enzyme’ hypothesis ds 


Beadle and Tatum. Well bety, 
The 


Scien 
gives 
whost 
clear. 


Ageneral sympathy for the underdog, the attagy 
of socialist ideals and disgust for the Working 
capitalism made him a marxist. He Spent the bs 
seven years of his life in India working inal upon 
Indian Statistical Institute, Calcutta, and lore 4 k 


Genetics and Biometry Laboratory in Orisa 45 (28 the 
where 
which 
kind man, full of humour, a truly humble person ra 


the curiosity which is the hallmark of most gez encer 


vey tl 
scientists. We 


_, &xcel] 
(Courtesy VNanjundiah, adapted from Curent Scat So fi 


behaviour sometimes seemed eccentric butbetii 
his rough exterior was an extremely charming a 


have appeared earlier in the collections ‘Possi- 
ble Worlds and Other Essays’ and ‘A Banned 
Broadcast and Other Essays’. The articles that 
featured in the Daily Worker differ stylistical- 
ly from the other essays and are aimed at a 
readership with less formal education. How- 
ever his perspectives on the science-society 
relation remain the same as in the other arti- 


cles. 


A few words from Maynard Smith will em- 
phasize how Haldane’s articles are different 
from regular popular science articles. “It was 


characteristic of him (Haldane) to use popular 
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eOr tonquestions in which you tried to show how 
at, W uch you knew about some topic. And sec- 
rifos "®dly, scientific papers or technical reports 
ont "hich dealt very exhaustively with a small 
soph i Now you have to do something differ- 
et qe *reNot trying to show off: nor are you 


a 
as : : “such accuracy that your readers will 
otto ; eto Carry out some o 

„p ite 
sciet 4 


imin 


peration. You want 


rest or i 
even excite them, but not to give 


J com x 
E | h ‘ plete informati 
asi | OW a ve 


iets Dje 
gi ie 


on. You must there- 
Y TY great deal more about your 
ou puton i 

ee Paper. Out of this you 


€ ite i i 
e a ms which will make a 
€ then goes on to give an 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


example ofa skeleton ofan article on cheese to 
illustrate his points. 


Another article I found very entertaining was 
the one on ‘Cats’. He starts off with a simple 
observation that the number of cats in Britain 
is not known unlike the number of adult 
dogs which are kept track of since they are 
taxed. He builds up to talk about how there 
are no peculiar shapes or sizes in cats. He goes 
on to compare the social and breeding 
behaviours of cats and humans. In this man- 
ner we are introduced to how different ani- 
mals have their sensory areas on the body 
mapped on to the brain. It concludes with “A 
cat or dog can be gentle with its whole body. 
So dogs and cats can play with us, and we with 
them. In fact they play with children very 
much as equals, and quite understand that 
they must not use their full strength.” 


The title essay “On Being the Right Size” is a 
gem and is reminiscent of d’Arcy Thomson’s 
On Growth and Form. He shows elegantly the 
connection between simple geometry, physics 
and biological forms. He throws light on why 
it is that if one were to drop a mouse down a 
thousand-yard mine shaft, on reaching the 
bottom it gets a slight shock and walks away. 
But if you did the same with a rat, a man and 
a horse in that order, they are respectively 
killed, broken or splashed. And why the eyes 


The title essay “On Being the Right 
Size” is a gem and is reminiscent of 
d'Arcy Thomson's On Growth and 
Form. 


of small animals have to be in much larger 
proportion to their bodies than our own, while 
large animals only require relatively small 
eyes — those of the whale and elephant being 
little larger than our own. The message is that, 
for every type of animal there is an optimum 
size. In his characteristic manner he makes 
the connections with human societies: “ And 
just as there is a best size for every animal, the 
same is true for every human institution... To 
the biologist the problem of socialism appears 
But while 
nationalisation of certain industries is an ob- 


largely as a problem of size... 


vious possibility in the largest of states, I find 
it no easier to picture a completely socialized 
British Empire or United States than an ele- 
phant turning somersaults ora hippopotamus 
jumping a hedge.” 


The final bits in the appendix again prove 
instructive with the explanation by Maynard 
Smith and his account of what has happened 
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In all, a box of reusable chocolates fae 


savoured afresh every time with relish: 
pleasure. If you are not one already yous: 
turn a Haldane fan. 


S Krishnaswamy is with the Bioinformatics (est 
School of Biotechnology, Madurai Kamaraj Use 
Madurai 625 021. 
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} 
Resonance -journal of science education is primarily targeted to undergraduate st | 
teachers. The journal invites contributions in various branches of science and on | 
lucid style that will attract readers from diverse backgrounds. A helpful general ‘a A ! 

IS aa 


least the first one third of the article should be readily understood by a general audije 
nce, 


Articles on topics in the undergraduate curriculum, especially those which students Of | 
consider difficult to understand, new classroom experiments, emerging techniques and el 
and innovative procedures for teaching specific concepts are particularly welcome, Th 
submitted contributions should not have appeared elsewhere. | 


| 
Manuscripts should be submitted in duplicafeto any of the editors. Authors having accessta | 5 
PC are encouraged to submit an ASCII version on a floppy diskette. if necessary the editorsma | | th 
edit the manuscript substantially in order to maintain uniformity of presentation and oenhang | 
readability. Illustrations and other material if reproduced, must be properly credited; itisttel li 
author's responsibility to obtain permission of reproduction (copies of letters of permisson of 
should be sent). In case of difficulty, please contact the editors. H ie 
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attract the general readers’ attention. 
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Suggested Reading Avoid technical references. If some citations are necessary, mention 
these as part of the text. A list of suggested readings may be included at the end. 
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Origin(?) of the Universe 


4. The First Three Minutes 


5 Jayant V Narlikar 


fthe series we discuss the standard cosmologi- 
PR close to the big bang epoch. The origin of 
lei is believed to have taken place within the first 
fight nuc mi or so when the universe was very hot and 
three Sne radiation. Subsequently, it cooled down and 
Se ould see radiation decoupled from matter but 
Be ada homogeneously all over the universe with a 
om body spectrum. This expectation has been realized by 
e | the discovery of the microwave background in 1965. 
{ 
| Probing the Past of the Universe 


In this 
Ne Al model ya 


Inthe previous part of the series we described the simplest models 
ofthe expanding universe, first worked out by Alexander Fried- 
mann. These models contain matter in the form of dust, i.e., 
pressureless fluid. In this idealized situation we may regard each 

| dust point as a galaxy and the large scale motion of the galaxy 

| population conforms to the Weyl Postulate (see Part 2 of the 

a This motion is the one that follows the Hubble law. 


ehi 


lo 
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| | Bea enue, galaxies do have random motions in addition 

| tt members Binn E AN motions arise because they 

| "hter members affect 3 ARS 

| mally he ile S the motion of each member galaxy. Nor- 

A | Ewe use iei ns are in the range of 200 - 300 km/s. Thus 

a | Ypica cluster ubble law, the Hubble motion of expansion of a 
member at a distance of say, 100 Mpc! will be 


| ound 5 

:000-1 

| ateluster F km/s, far larger than the random motions in 
À €same to 


: S May 


‘ 


the gravitational field of all 


“ 


ran 


E ken, for a nearby cluster the random 
omı : 
> the gj nate the Hubble motion. Our nearest 
ian oi ; 
t galaxy Andromeda is in fact moving 


Jayant Narlikar, Director, 
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This six-part series will 
cover: 1. Historical Back- 
ground. 2. The Expanding 
Universe. 3. The Big Bang. 
4. The First Three Minutes. 
5. Observational Cosmol- 
ogy and 6. Present Chal- 


lenges in Cosmology. 


'Mpc = Megaparsec; one parsec 
equals 3.26 light years = 10cm. 
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? This momentum is to be mea- 
sured by an observer at the par- 
ticle with no random motion, 
i.e., one obeying the Hubble ex- 
pansion. 


3 At redshift z the size of the 
universe was 1 + z times smaller 
than now. 


In the expanding 
universe one can 
show that the random 
part of the momentum 
of a free particle 
decreases in inverse 
proportion to the 

scale factor. 


CC-0. In Public Di 


towards us, because of the attraction b i 
Ctwee A 
cy. n 
galaxy it ad, 


y 
as: 
In the expanding universe one can show that the {0 
the momentum?’ ofa free particle decreases in ii oa ne 70 
to the scale factor. Thus, at redshift unity, the aii a h 
would have been typically double those in a nearby i m th 
the universe continues to expand, random motions i 1 
and less significant and the approximation to the Wen tio 
becomes more and more accurate. Pong 
However if we are mee ia discussing the past history, wh 
universe, the dust approximation may not hold all the wan pre 
rule of the momentum growth in the past tells us, for examples, 
a random motion of 300 km/s today would have been closet, 2 Th 
speed of light at an epoch of redshift around a thousand. Ow eat 
we must take into account the growth of pressure in the coe Int 
fluid as we go further back into the past. dis 
The Radiation Dominated Universe ! 
| 
Since we are interested in discussing the behaviour oftheunits 
very close to the big bang, we will skip the more recenteporie x 
go to one where the random motions were so high that then ‘ 


constituents of the universe were moving relativi 
near-light speed. At those epochs the galaxies did not (i 
could not) retain their large and bound structures of 
Indeed, we expect that all constituent parti 


across space. We thus have a cosmic brew Wh" di 
etc. moving $y 


neutrons, protons, electrons, neutrinos, 
cally along with the particles oflight, theph jon, 
move with the speed of light. All are moving a; ae si! 
and interacting in marked contrast to the tae js st 
the Wey] postulate. In such a state the univer jo 
radiation dominated. Let us look at this scena 


titatively. 


otons, which 


stically, ief ; 


ndation Chennai and e 
ES PARTICLE 


this epoch as that of the early universe. We shall 
to : ’ ; 

in with, that the universe consists mainly of pho- 
1 > 


| | refer 
Md weshal 
1 are in constant interaction with charged par- 


„sm6, to beg 


i hotons P 3 AE 

fons. The H ctronsand positrons and these interactions maintain 
3 ike ele 

> gles lik 


Pag ron population in thermodynamic equilibrium. That is, 
ni the pho ior distributed in momentum space as in ablack body. 
K Be arre T and the energy density u of sucha distribu- 
RA tem : 

ty [= are related by the Stefan-Boltzmann law: 

MMe tio 

ona u=aT* 

ns where the constanta is known as the radiation constant. The 

. «pressure of this distribution is given by p = u / 3. 

lets 


3 The next step is to substitute these quantities in the dynamical 
equations which drive the universe, viz. the Einstein equations. 
Inthe previous part of the series we had done the same for the dust 


Seto 


distribution. The two independent relations that emerge are: 


| u S + = constant, 
{ 
a (dS / de? + ke?) / S? = 87 Gu / (3c? X 


Ochse 


e thermodynamics tells us that the first relation is simply 
© rule of attenuation of radiation energy density with the 


Matter dominated pi 


Figure 1 This graph shows 
how radiation density and 
matter density fall off as the 
Universe expands, i.e, as the 
scale factor increases. Inthe 
early universe, radiation 
dominated whereas the 
present universe is matter 
dominated. The matter and 
radiation were of compa- 
rable strength when the 
scale of the universe was 
approximately a thousandth 
of its present value. i 
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Today the universe is adiabatic expansion of gas. If we compare th 
€ ex 


matter dominated matter and radiation density fall off in the eipands wae fo 
while in the early era it find that the former falls offas Sand the lattera nlite ei 
was radiation universe is matter dominated while in the zA 10d Š ‘ we 
dominated. As the tion dominated. As the importance of Tadiation a wani, 1 Jas 
importance of radiation declines with expansion, the two may have been au un 
vis-à-vis matter intermediate epoch. As we shall see later, the rien ai a 
declines with density is about 10° of the matter density. Thus sce 4 
expansion, the two equality would be around redshift 1000. We can herca re 
may have been around that epoch, the universe switches over from ir aa 
comparable at an described in this part to that described in the previous oa 
intermediate epoch. second relation describes the gravitational force of the ning T 
on the expanding gas. We will assume that the curvature E ral 
not important for the solution that we are interested in | 2b 
assumption is non-trivial but we will postpone its discussion: 
Part 6 of the series. | Pr 
If we ignore the curvature term in the second of the am| 4 
equations, they can be solved easily. We find, after a little many: ! th 
lation, that : 
Sare 3 
and, i 
T* = [3 ?/ (32 Gat a 
o be 
p | 
Figure 2 The time tem- | ‘od 
perature relationship shows | 7 
how the radiation tempera- | g si eee 
ture in the universe falls off z early 
with expansion. The smooth a ce eas už annitilation Neutrinos d 
curvehas discontinuoustan- | £ begins crea ate SS 
gents at epochs when the | 5 decoupling/® atari > 
composition of the universe | 2 0 T, rises 20° 
underwent a phase transi- | 2 
tion, eg, when the elec- a 10° 
trons and positrons annihi- i 2 
| lated to produce more radia- | Time ( seconds, 
| fion. 
8 CC-0. In Public Domain. 
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E used the earlier relation between u and The temperature one 
u ; : 
helatt rres , denotes the time elapsed since the epoch when second after the big 
at ; : 
note als th „ince the big bang epoch. We thus get from the bang was about 15 
4 AV ue ii 
: ehad =0, A profound result that the temperature of the billion degrees 
t ‘on, t ; 
al, 7-1 Last relation, verminable in terms of its age through constantsa, Kelvin, 
_ universe 1S de h belong to fundamental physics. If we put in the 
ly ic ; 
Pr Gall of wh f these constants then the time-temperature 
ee merical values OF e 
lati u 7 Gaal 
hy relationship is SP y 
3 : £ )-1/2] 1010 
k T(Kelvin) = 1.52. [:(second)*].10*. 
itita 
t Te 


hus we conclude that in a universe filled almost purely with 
Thus W 


radiation, the tem 
about 15 billion degrees Kelvin. 


perature one second after the big bang was 


Primordial Nucleosynthesis 


am| Aresultof this kind convinced George Gamow in the mid-1940s 

wne) thatthe early universe could hold the key to the origin of chemical 
elements. If the universe started with a’ relatively simple set of 
particles like electrons, positrons, neutrinos, muons, pions, neu- 
trons and protons along with photons, then during the first 200 
seconds its temperature was in the range 10!°— 108K, high 


€ i i 
nough to bring about synthesis of neutrons and protons to 
, form chemical nuclei in 


ascending order of their mass num- 
= bers, 


am 


cal thermal energy per particle iskT, where 
nstant. A typical particle of mass m has rest- Š 
kT exceeds this value we say that the particle 


kis the Boltzmann co 
Mass “nergy me? TF 


| The rati 

on i - ; 

| temperaty a this conjecture is based on the following. At a 
rel t etypi 

Smo } 5 

i "Mg relatiy 


isti - S 
Ceased Cally. By this token, the neutrons and protons zi 


mperature of the universe 
> Whereas for electron-positron pairs the 
n 9 ae: : 

nd 5.10°K. Statistical physics formulae tell 


ases to be rela AE ee 5 a 
: Uivistic, its number densi 
ly with 2 y 


NI a ed to be p 
| red belo 
“Mera 


elativistic When the te 
w 10BR 


ture was arou 


ta : 
do, 2 Species ce 
Very rapig 


de i i 
creasing temperatureand it begins to be 
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lt is possible to argue 
that although initially 
the constituent particles 
were moving 
relativistically, as the 
universe continued fo 
expand, its radiation 
temperature dropped 
and therefore the 
motions of these 
particles slowed down 
to values small enough 
for nuclear forces to be 
able to trap them to 
form composite nuclei. 
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i 
less and less important in contributing to the e 
X 


i an i 
universe. Pansion T 


: À A 

The simple calculation of estimating the temperat 4 

> ‘ . 5 Ure th u! 
carried out in the previous section wa sl eae 

p s based on the assum ar 


Pti 
to the epa, de 


rí 

ould take iny p i 
| 

d the extenty tri 
of Einstein, 


F : : nt in the len. 
perature-time relationship from 1.52 to 1.04. Thus our si sce 
le 


that of all particles only photons were contributing 
sion of the universe. A more realistic calculation w 
account the other particles that were relativistic an 
which they contributed to the right hand side 
equations. This calculation modifies the coefficie 


derivation captures the physical situation reasonably well an fk, Me 
may use it for approximate estimates of the temperature oft Fo 
universe. eve 
soi 

10 8 : Ad 4 abl 

At the tem peratures 10'°— 10° K, particle energy is in the rag | he 


comparable to the binding energy of nuclei like deuteriumai 
helium. Thus, it is possible to argue that although initially te Re 
constituent particles were moving relativistically, as the univers 
continued to expand, its radiation temperature dropped ani Phy 
therefore the motions of these particles slowed down to valus E 
small enough for nuclear forces to be able to trap them to u T 
composite nuclei. Since the universe provided a rapidly changi Eie 
environment, it was necessary to include this in the calculatos} 


: : ; to deter $ 
along with the details of nuclear reaction rates 1n order ; 3a 
mine the actual abundances of various nuclei. f 3 

1 deg 
bet | 
her and Rom) obs 
i -workers Ralph Alp : 
Gamow and his younger co melee 


Herman carried out calculations of this kind in 
These calculations were redone by others as 1m 
reaction data became available. The most ora soviet) 2: 
attempt was in 1967 by Robert Wagoner, ae i) 

Fred Hoyle. Today high speed computers are ae jiel 
these results, but the essential conclusions have? | 


1967. What are these conclusions ? yh ty 
ler i 0 


= R 


„is COMP 
i esis 18 €? 
The entire process of primordial nucleosynth 
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say in about the first three minutes. After 


ee eriod, 
limited P oled down so much that the nuclear 


o 
universe has € hat G h 
his the itched off. However, contrary to what Gamow had 


is sW1 ic of primordial nucleosynthesis is not able to 
es mass numbers of 5 or more. The process thus 
deli ‘nly Het and very tiny quantities of deuterium, 
Pa. roduces B is extremely small quantities of nuclei like Li, 
a ee For the commonly found elements like carbon, 
a A ae including metals like iron, one must turn to another 
a ad altogether. In 1957, in a pioneering paper in Reviews of 
ml A Physics, Geoffrey and EES HER along vas 
fowler and Hoyle showed how stars in yene stages of their 
fike evolution produced all these elements. As it happens, stars are not 
soeffective in producing the light nuclei that the early universe is 
À able to generate. Thus there seems to be some complementarity in 


ang the two scenarios. 

ani 

me Relics of the Early Universe 

Ven 

4 Physicists by now will be inclined to argue that all this is fine so 

alus ; i 

i faras speculations go; but can these ideas on the early universe be 

fora ; : 
S, verified through experiments or observations ? In short, they will 

ngi 


a be looking for relics of the high energy activity that went on 
during the first three minutes, 


deel ha ; in the history of the universe much 
3 aeologists look for relics of a bygone era. Fortunately the 
aes model does provide two important relics. We will 
Wp wo here although we will discuss them in the light of 


a observations in Part 5. 


ne relic į 9 y 
so) lays as the light nuclei that we just discussed. For example, 


mo : 
ora RS ie ae abundance of helium is expected to be in the range 
j| € >, 
eit os 10-5 ntby mass while that of deuterium may bein the range 
dsi i | th 9 Stell 


€ extent A ar nucleosynthesis provides additional helium to 
o . . 

Teas no il about ten percent of the primordial value 

ar process is as yet known for producing deute- 


zi a ese and 2 
j 0 ot ; 
j ithe “arly erą herlight nuclear abundances are thus the relics 
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The entire process of 
primordial 
nucleosynthesis is 
completed in a very 
limited period, sayin 
about the first three 
minutes. After this the 
universe has cooled 
down so much that the 
nuclear furnace is 
switched off. 
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* As temperature is raised, a 
physical system can be found 
with increasing probability in 
states of higher energy. Since it 
takes energy to remove elec- 
trons from an atom, this pro- 
cess (called jonisation) be- 
comes more and more impor- 
tant at high temperatures. 
Saha’‘s noteworthy contribution 
in deriving his formula was to 
correctly account for the num- 
ber of states available to the 
electron once it is freed. This 
depends on the temperature 
but also the volume of space 
available in between the atoms. 
This effectis very important. Ne- 
glecting it would give a com- 
pletely wrong answer (100,000 
K) for the temperature of re- 
combination mentioned in the 


text! 


Figure 3 The spectrum of 
the microwave background 
as measured by the COBE 
satellite. The smooth curve 
is the blackbody curve that 
best fits the data. 
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The second importantrelic, first predicted by Alph 
er 


: Wor 3 7 i a 
in 1948 in a paper in Nature, concerns radiation, R ndH Ei 
started with radiation as the main com eral tha} 1 
é ; ponent of the x d 
universe. What has happened to it today? In our dj Primi ¢ 
5 i ISCUsa o: 
assumed that the radiation was in thermodynami USSion epy ot 
; j Cequilin: 
the early universe because it was in continuous ce: | 
; eraction w. 
charged particles through electromagnetic interactj Cony 1 
i ; Ons, 
particles are largely electrons which continue to remaj taij 
: : 3 Z inire 
time after the light nuclei are formed. Thomson scatteri a 
: : ering by 
electrons is sufficiently powerful to block the nd b 
: 10N fies 
travelling coherently over cos i i : 
8 5 i mological distances. Theeatlyys} a 
yerse was, in technical jargon, optically thick and the radiates} 
te 
had the spectrum of a black body. T 
u 
However, as its temperature dropped below the 30004001 7 a 
mark, the randomly moving electrons became too slow tosup] U 
being trapped by protons via the Coulomb force of elem: al 
attraction. Thus the electrons get into orbitals around prota} B 
and form neutral atoms of hydrogen. The trapping sagi " 
governed by the Saha ionization equation discovered by Megh K 
Saha in the 1920s in the particular case of stellar atmospheres.) $ 
: a fel 0 
at the temperature mentioned above, the radiation finds E 
from the charged scatterers!*This is the epoch of last scatters i 
Cosmic Background Spectrum ot the North Galactic Poit f i 
sete 4 a e a e 18 gi 
i | af 
zy w i 
2 Bs) ; 
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o 
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RESONANCE 


diation which thereafter remains decoupled from 
: jaul ; : . 
smic £4 the electrons combine with protons at this 
_ Since 


etimes (erroneously) called the recombina- 
is som 


itt ‘os of such radiation tells us that it would adiabatically 
ny, The physic the universe expands, while retaining its primordial 
hargi cool down “a ck body radiation. The temperature itself would 
caloy stamp of $ S magnitude at the present epoch, however, cannot 
s byti A Ea by the early universe models but has to be taken as 
o becer ional input. 
iyw) agiven observationa 
lates The discovery in 1965 by Arno Penzias and Robert Wilson of the 
uniform and isotropic microwave background at a wavelength of 
ypa about 7 cm was thus regarded as a yadi aaoi of the above early 
oe universe scenario. Sulbeeea studies at many other Wave 
lerig} culminating in comprehensive measurements by the Cosmic 


Background Explorer satellite in 1989 established the blackbody 
nature of its spectrum with a temperature of 2.735 + 0.06 degrees 
feo Kelvin. In total energy content this microwave radiation back- 
heres} StOund far exceeds any other radiation arising from other causes 
slie} astrophysical origin at various wavelengths. 


 Ifthepresent value of the radiation temperature is denoted byT,, 
E Y the temperature of the radiation at epoch of redshift z would be 


gay Sen by T (+z). Hence the last scattering epoch had redshift 
E | ound 1000-1500, 


sif We use this value of 
ty we find that its m 
“Mpared to the pre 


i E ; temperature for the radiation energy 
agnitude is about 4.10-3 erg / cm? 
j ui ni aa ae energy density of yaa mag cona 
| Ben in Part 5), the cm” (a more complete dieso will be 

Mee ord Walia. Is, matter dominates over radiation by sme 
e. This result was used earlier by us to decide 
the universe Switched over from being radiation 


Rated to 
ma : 
Esame as th tter dominated. Note that this epoch is roughly 
© poch of last Scattering. 
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The discovery in 1965 
by Arno Penzias and 
Robert Wilson of the 
uniform and isotropic 
microwave 
background at a 
wavelength of about 
7 cm was regarded as 
a vindication of 

the early universe 
scenario. 
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Concluding Remarks 


This part essentially summarizes the theoretica] b 
asis ofhi, | 

fbig : 
take NC -i - 
Picture dey 
This wer 


cosmology. To proceed further it is necessary t 
: . 0 

the observational constraints to see whether ou 
T 


oped here meets the basic observational checks 
do in Part 5 of this series. "i 


The work on the early universe has prompted further specu 

about what the universe was like even closer to the titan 
As we shall see in Part 6 these speculations take Us ae 
fundamental particle physics where physicists are ine 
in speculating about the ultimate structure of matter ands 


origin. 


Suggested Reading 


S Weinberg. The First Three Minutes ... Basic Books. 1977. 
J V Narlikar. Introduction to Cosmology... Cambridge University Press, 


Foundation Books. 1993. 
John Barrow. The Origin ofthe Universe. Weidenfeld and Nicolson, London 


1994. 


el 


BI 


-n 


AYAN GUHA 


Yee. 


| Hmm. simple set of particles 
LYSED { o te 


igitized by Arya Samaj Foundation Chennai and eGangotri 
SERIES | ARTICLE 


Life: Complexity and Diversity 
3. Growing Larger 


—————— 
tock Z3 


Madhav Gadgil 


dei. 
rewi . tinually evolve to occupy newerenvi- { | > 
Living organisms con cane i: — 
nmental regimes. In the process they develop more | i 
lat p structures and grow to lars sizes. They also | i E 
et] eyolve more intricate ways of relating to each other. The i hys, 
leul jarger, more complex organisms do not replace a simpler, it rick 
ete’! smaller ones, rather they come to coexist with them in se 
ands! increasingly complex ecosystems. This promotes a con- Madhav cates ulna 
OAT i i ity of life over evolutionary ti a for Eee 
! tinual increase 1n the NESS) o Ay EHG: | Sciences, Indian Institute 
— 3 of Science and Jawaharlal 
Ways of Life Nehru Centre for 
| Advanced Scientific 
h po : Research, Bangalore. 
Fra | Decomposing, photosynthesizing and feeding on other organ- His fascination toa e 
ismsare three broad ways of organizing fluxes ofenergy necessary | diversity of life has 
sad for the maintenance and propagation of all life (Figure 1). But prompted him to study a 
whole range of life forms 
from paper wasps to 
anchovies, mynas to 
elephants, goldenrods to | 
bamboos. | 


Figure 1 Decomposition, 
or living off preformed or- 
ganic molecules is the old- 
est way of life and is still at 
the centre of both ferres- 
trial and aquatic food webs. 
Autotrophy, or manufacture 
of organic molecules 
through photosynthesis 
` came next; followed later 
by heterotrophy or feeding 
on other living organisms 
giving rise to the elaborate 
food webs of present day 
ecosystems. 
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As living organisms 
have adopted these 
newer ways of life and 
invaded an ever 
greater range of 
habitats, they have 
assumed larger sizes 
and more complex 
structures. 


Figure 2 The simplest and 
smallest organisms are 
composed of single cells; 
the more complex , larger 
organisms like us are made 
up of billions of cells. But 
just as the whole complex 
machinery of life is con- 
structed from @ small 
variety of building blocks, 
the most complex organ- 
isms are made up ofasmall 
number of basic cell types. 
This graph based on the 
work of JT Bonner, plots the 
number of cell types against 
size of the organisms on a 


logarithmic scale. 


16 


living organisms have created an infinity of 
Variati | 
these themes. Among the gr lation l 
g the green plants, for instanc 8 atop: | 
© are some MH 
the dim jj. 


places and others that prefer the desert sand. A a i 
> ANIMA 


do well in bright, open light, while others thrive; 
In 


of the forest floor. There are plants that grow 
we 
n SWa 
i 


ls Baen 
W On tony, 
be Caughts | 


: : UN theit pre | 
down. There are parasites that live inside cells of other their pre | 
Organism, | 


grass or browse on leaves, burrow inside stems 9 

` r : r gna 
There are predators that sit and wait for the prey : 
F i 0 
their traps or webs, and predators that pursue andy 


even becoming a part and parcel of their nucleic acids, a d i 
that live in their gut or on their skin. Honeybees and ie 
are rewarded by flowering plants with nectar and sipian 
pollen for the services of pollination rendered by them. i 


= living organisms have adopted these newer ways of ieee 
invaded an ever greater range of habitats, they have assume! | 
larger sizes and more complex structures (Figure 2), Bacteria | 

subsisting as decomposers on dead organic matter are among t a 
simplest, smallest organisms. It has been but a small step forthe 4 
to live inside bodies of other living organisms, and feed onlivig} 
organic matter, without any great elaboration of structure. Bt} : 
when creatures took to tapping light energy, they had to produ 


special pigments, like chlorophyll. They also had to elabort} i 
r enzymes t| 


-paii 


protective structures as well as special chemicals 0 


be 


120 120 __ Vertebrates Bente | 
100 Ae 
55 5 Insects, starfishes A i 


Higher plants 

ao ish 

11 Sponges and jelly fishes & 
Mushrooms and Kelp Po 
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e oxygen released did no damage. The efficiency 


E pe sure that th hesi further enhanced b - 

yi m 5 of photosynthesis was apace 
| ofthe Bee ocophyl in specially structured bodies. This was 
lig, | atin i a by the establishment of cellular co-operatives, with 
ay A accomplis rion of much larger cells of higher organisms which 
æy] the elabora e ahem descendants of smaller cells that now 
Ton, contained WI cessing mitochondria and light trapping 


at as oxygen pro A 5 : 7 
P Gells of plants and animals with their mitochondria 
chloro ; 


E prey C dplastidsare much larger than those of bacteria. But there are 

lsg, 4 ae limitations to how large a single cell can become, the 
s ; 

athe ia | a being an egg of the ostrich, largely loaded with stored food. 

nej A ; iz i 

ndy | 50, t0 achieve larger s1zes favoured for instance by the advantage 


| that larger organisms have in getting at resources like light or in 
be escaping predation, plants and animals have developed yet an- 
fem uJ other form of cellular co-operation. They have become multicel- 
sine lular. Indeed, today the vast majority of living organisms are 
tees ‘multicellular. As plants invaded land, a whole range of new 
mak structures had to be formed to resist rapid loss of water and to fight 
thea! gravity. So plants began to produce large quantities of tough yet 
vig i flexible molecules of cellulose. Cellulose is today one of the most 
rebel 
rode í 
abort} 
mst | 
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To achieve larger sizes 
plants and animals 
have developed yet 
another form of cellular 
co-operation. They 
have become 
multicellular. 


Figure 3 The possibilities 
of diversity of designs obvi- 
ously increase with the size 
and complexity of an or- 
ganism. It is therefore to be 
expected that there is a 
smaller variety of species of 
the smallest, simplest or- 
ganisms such as bacteria. 
But the variety of species 
increases with size only up 
to a size of 5 mm to 1 cm. 
Beyond this, presumably 
physiological limitations 
come into play so that the 
diversity of species declines 
with increasing size {this fig- 
ure is based on the work of 
Robert May). 
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Feeding on other 
plants and animals 
locks many animals 
into a contest with 
their victims. While the 
victims continually 
evolve new ways to 
foil the predators, the 
predators evalve to 
overcome these 
defences. 


Some of the most 
attractive 


| 
manifestations of life 
| 
| 


such as colourful 
flowers and 
delectable fruits have 
evolved in contexts of 
mutual help. 


abundant of molecules on earth. Once establish d 
e on 


rl ; Plany 
dn the Mor, 
plants get locked into a race to outgrow each fee ang 
Other 8 7 

"90 the 

Until finaly, 
dora banya 


began to compete with each other for light andw 
i ; f a 
humid environments, light becomes the ke te 
y 


produce more structural matter and grow tal] 

; ; er 
they reach the gigantic proportions of a redwog 
tree (Figure 3). 


Feeding on other plants and animals locks Many animals; 
contest with their victims. While the victims cone 
new ways to foil the predators, the predators evolve to ao 
these defences. Thus while antelopes become ever fleeter a. 
cheetahs evolve to run faster and faster. While rhinos and ep. 
phants evolve to a large size and thick hides, lions and tigers ge 
to be big enough to tackle their young prey, if not the full gr) 
adults. In the rain forest the lush green leafy matter is consume 
by myriads of insects. Rain forest plants produce a whole ranged 
toxic chemicals to counter this threat. In turn, the insects eval, 
means of neutralizing these poisons. It is this chemical warfar’ 
that is responsible for the evolution of many valuable drugs tht 
humans extract from plants of the humid tropics. | 
| 
Mutual Aid | 
Butanimals, plants and microbial species 
other, they also help each other. Indeed, some 0 
tive manifestations of life such as colourful flowers and de T 
fruits have evolved in contexts of mutual help. The oe 
plants relied on wind and water to carry pollen and disper 
But the operation of these physical factors is a va 
plants evolved flowers to attract pollinators one 
sugary nectar. Pollen would be wasted if deposited OP” ig 
a different species. So plants have developed fl 


ollina 

sizes, shapes and colour patterns to ensure T pi 
to another flower of the same species. ony a pebi 
fpollinato™ oe ! 


in being served by a particular type ° Es 
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f the most atte, 
Jectabl 


: y 
not only. subsiston ai. 
7 


to 


Plany 
Mor 
e an 
0 they 
finaly 
bany 


S into; 
l evolye 
ercome 
of foor 
and ele 
gers g 


igitized by Arya Samaj F 
eon SERI 


ES | ARTICLE 


oundation Chennai and eGangotri 


{ 
L— 


prush of modified feathers over their beaks, and sunbirds insert their 


|l grow: sender, curved beaks inside the tubular flowers of mistletoes 
nsum (Figures 4, 5). Honeybees visit the blossoms of jamun, and 


range, 
s evel 
wart 
rugs th 


elect 
arly w: 
pesë 
afi 


pet 


$ have de 


night flying moths those of the night queen. 


Plants have also developed fruits whose flesh rewards animals for 
dispersing their seeds. Again there are myriads of specializations 
directed at many different animals. Mangoes hang on long stalks 


| to help bats pluck them, while sandal berries attract bulbuls. 


| 

| 

f 
ton d 

q 


st a 


There are other intricate mutualisms as well. Very few living 
organisms can produce chemicals capable of breaking down the 
tough molecules of cellulose. Certai 
andanimals like cattle and deer hav 
to lodge these helpers. Wax is yet 
W Organisms can break down 


Mater} 

“nial from. Plants Produce wax 
faves and to re 
Sec 


n microorganisms can do this 
especial chambers in their gut 
another kind of molecule that 
or extract useful energy and 
to prevent water loss from their 
Sist animal grazing. Animals like honeybees 


‘struct their hives. Such a honeybee hive with its 
he form of honey 
Source 
€ Most ab] 


tete wax to co 
ted food int 
attractive 


Oure 
attae 


Embe: 


> eggs, larvae and pupae is a rich 
of food for many animals. But it is a food 
son Paares by HOES bees that launch suicidal 
d their Stings $ i SIS braving certain death as they firmly 
eloped elap € bodies oftheir enemies. Animals in turn 
Orate structures and behaviour patterns to 
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Figure 4 (top left! The 
pollen of the red silk cotton 
tree attaches itself to the 
pollen brush at the base of 


the jungle myna’s beak. 


Figure 5 (top right) The 


slender curved beak of the 
purple sunbird enables it to 
get at the nectar in the long 
tubular flowers of mistle- 


foes.. 


Pollen would be 
wasted if deposited on 
a flower of a different 
species. So plants 
have developed 
flowers of distinctive 
sizes, shapes and 
colour patterns to 
ensure that a pollinator 
moves fo another 
flower of the 
same species. 
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Life has expanded 
during its three anda 
half billion year history 
on the earth, evolving 
larger and more 
complex organisms. 
The bigger and the 
more complex have 
added on to, and not 
replaced, the smaller 
and the simpler. 


overcome these defences. One such predator ; 
Tis the 


equipped with a thick coat ho 
of fur and a very loose ski Neyba 


the bee stings out of reach of most of its orga n whic 
ns. But h 
0 

Neybe 


are not easily visible to the badger. They are h ook 
OWever 


hives are at a height and honeybees operating i 
Nth estean i 
Much oF 
NEYBUide 
as therefor 


ky tracked by a bird called the honeyguide. Th 
its own is too frail to attack a honeybee re E 
evolved a mutualistic relationship with the hore : ; 
picture). When a honeyguide locates a hive it n a itsall 

Sally, th 


honeybadger and freezes in a characteristic 

honeybadger then begins to follow it on me i 
honeyguide flies in stages towards the hive a an k 
following it all the way. The honeybadger then an ie 
attacks the hive and feasts on the honey, the eggs, the e 
the pupae. But it cannot digest the wax which is left a 
honeyguide feeds on the wax, for it has yet another ai 
zoan lodged in its gut that helps it digest the wax. Thus hr 
organisms continually evolved more and more complex stut 
tures and behaviour patterns as they have devised ever mort 
diverse ways of getting at energy and material resources to kt 


them going. 


Growing Diversity 

In this manner life has expanded during its three andahalfbille 
year history on the earth, evolving larger an 
organisms. The bigger and the more complex have added a 
and not replaced, the smaller and the simpler. So; when abt 
ofa giant banyan tree snaps in astorm and begins to t0) Hep 
of the largest and most complex of all creatures nourishes a i 
posing bacteria which are among the simplest and smil ; i 
creatures. The history of life has therefore been a pies 
continual increase in the variety oflife.Itisa process 
itself. The banyan tree is one of a group of strangle? ; 
that are adapted to begin their life on toP ofo nsus 
other trees have formed a forest canopy couldsu dho 


: : s 5 ices 4 
evolved. Growing in litter accumulated incre 
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he strangler figs are freed from the compulsion to 
t 


ds for germination in a restricted season, such as at the 
S . . 
nsoon. So unlike most other tree species, figs 


rost irets» 
uce see 
ning of the mo 


to fruiting 
he year round. Since there would be few other trees to 


eral off season, figs need specialized pollina- 
of insects, the fig wasps, have evolved to fill 
There is a whole diversity of such fig wasps, 


at all times of the year. This requires 


gllinators t 
pllinate in the Ben 


ors: A special group 


inthis role (Figure 6). sa 
3 a separate species specialized to a given species of figs. 
often 


The availability of fig fruits throughout the year greatly improves 
theavailability of fleshy fruits in their tropical forest habitat. This 
is especially significant in months when almost no other fleshy 
frit is being produced. Figs help monkeys and fruit eating birds 
like barbets and fruit pigeons tide over such a pinch period. This 
has made possible the evolution of many animals specialized ona 
fuit diet. In turn the fruit eating animals support many species of 
parasites, Which have evolved to live on or inside the bodies of 
individuals of one particular host species. Some of these parasites, 
such as hair lice, have their own specialist parasites: bacteria, 
viruses and fungi. 


Packing Species 


The diversity of living organisms has exploded, hand in hand 
E ee complexity of their interactions in communi- 
n P drama of life the plog becomes ever more 
ee & lor ee ros and recruiting more players. gue 

mae ee dances in all corners of the con anug 
tthe R pore others. Tine adds another dimension 
vented bulbuls as i i Thus SENENS GEE bulbuls replace red- 
iferent Species Le Boes from drier to moie woodlands. And 

ash back and ae walk upa baca in the zone ghae tides 

Changes, for insta - Along all gradients where the environment 
Boes away ume aee from moister to drier conditions, as one 
9 One g Ower ees bed, or as one goes from a region of higher 
rainfall, the set of species changes. This also 
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SANJEEVA NAYAK 


Figure 6 The entire deve- 
lopment of a fig wasp takes 
place inside a fig fruit, with 
the fertilized female emer- 
ging to seek fresh figs in 


which to lay eggs. 


The diversity of living 
organisms has 

exploded, hand in 

hand with the evolving 
complexity of their 

interactions in 
communities. In the 

dance drama of life the 

plot becomes ever 

more intricate, calling 
for newer roles and 
recruiting more í 
players. | 
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There is yet another happens as one goes froma warmer to a coo] : a 
reason for the variety up the Himalayan slopes, or northwards A region, Or inst 
of living organisms on Kashmir. These changes occur because i. Kanyakings 
the earth, and that is adapted to a specific environmental regine A a is tl 
geographical turnover. better adapted species as the regime changes a Teplaced p, d 
component of diversity species turnover. The term asteri 


; : 5 Speci 5 
is used for the diversity of a large number of pee 

y i ; 
together in the same community. ES Occur, 


There is yet another reason for the variety of living organi | 
the earth, and that is geographical turnover. India has eee 
of wild goats or tahrs that haunt the rocky crags of high tian 
southern Western Ghats harbour the Nilgiri tahr, while By, 
species of the same genus, the Himalayan tahr lives in the on 
Himalayas. The Indian continent supports fourspecies ofa 
monkeys: the bonnet macaque in the drier forests south oft 
Godavari river, the liontailed macaque in the wet forests i 
Western Ghats, the rhesus macaque north of Godavari and ik! 
Assamese macaque in the Brahmaputra valley. Islands too tend 
have their own sets of species — the birds, Norcodam hombilla) 
Nicobar megapode, and the coconut crab are restricted to by 
Andaman-Nicobar islands. | 
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Sa f J . be . 
j Fascinating Organic Transformations 
Many 
May 2. The Ubiquitous Hydrogen Bond 
is ey 
ed by, aa Subramania Ranganathan 
TM hy, 
packin, nbonds can transform simple molecules into beau- 

' e 
cur, Hydrog a i ated i i i 

Tn, ful architectures. This is well illustrated in this article. 
Organic transformations are generally assumed to involve reac- 
me, j 
ISmsg; E inwhich covalent bonds are made, broken or rearranged. We 
Serie Ul ‘ = p 
ie an think of a wider connotation for the term ‘transformation’ if 
Ils, Th © 
7 we include changes brought about by non-covalent forces. Al- After nearly a three- 

anothe: ; - inni 
aml though such interactions are weaker, the transformations can be decade ee ge 

j! : ic, in terms of resulting structures and properties. In AREP T ME cae 
macagy $ quite dramau cn i z ; prop researcher at IIT Kanpur, 
h ofibt this article, let us consider the most important non-covalent S Ranganathan is now at 
ren i interaction, viz., the hydrogen bond and the wide variety of ways RRL, Trivandrum. He and 
faa H inwhich this bond can lead to almost magical transformations of his chemist wife, Darshan, 

j : : lan to set ith 

| even simple organic molecules. babi as ie 
0 tendt 

i government assistance) 
nbillat.) “Vidyanantha Education 


ed tt Definition of a Hydrogen Bond Centre”, to promote 
| education, art and culture. 


| Ahydrogen atom bonded to an electronegative atom like oxygen 
E ornitrogen has a small positive charge, due to bond polarization. 

| l can therefore have an attractive interaction with any electron 
K group in the vicinity. Usually, electronegative atoms have 


residu : 2 . f 
al lone pairs available for such interaction. Hence, a frag- 


mentsuch as X-H...Y.i p 
Joaden 
orsi at >In which 


election | 


both X and Y are electronegative 


oms Jis 5 
i has a stabilizing interaction. This weak force is called the 
Ydrogen bond. 


ai 
Elec 
t CATA 
p TOStatic interac 


Uneven tons are quite common in molecules with 
charge distri 


ate ends is due ki ees The importance given to byes Hydrogen bonds are 
w a easily as reasons. Hydrogen bonds are ubiquitous ubiquitous, easily 
wn tditections! Ae e. Importantly, the interaction has suffi- recognisable and 
} Unit prefers to z DIR for it to be classified as a ‘bond’. The X- have sufficient 
ollinear with the electron pairon Y. Butsome directional character. 
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The directionality of 
hydrogen bonding is 
responsible for creating 
beautiful structural 
frameworks from 
simple building blocks. 


out ’. 


Figure 1 A dispersion of oil 
in water quickly gets ‘oiled 


flexibility is allowed, since the interaction i 
s s ! 
(especially compared to covalent bonds). The = ite Stron 
hydrogen bonding is responsible for creating bea ection li 
uti 


a lly ¢ 
frameworks from simple building blocks. It iş : ful StrUCtyy 
s ossi 


n 
ble to te 


hydrogen bondsas the principal glue. The resultant i ete, 
ape: 


merely aesthetically pleasing but the transformed 
ed m 


chains, sheets, helices, three-dimensional network 

; » Usin 
Saren 
oleculg 


become endowed with remarkable properties as 
a Tesult y 
o 


hydrogen bonding. 


The importance of the hydrogen bond was stated clearly a 
forcefully as early as in 1939 by Linus Pauling in the naa 
of his celebrated book The Nature of the Chemical Bond: i 


“Although the hydrogen bond is not a strong'bond (its bond 
energy, that is, being in most cases in the range 2 to 10 kcal/mol 
the energy of the reaction X-H+Y -> XH---Y, it has grea 
significance in determining the properties of substances. Because 
of its small bond energy and the small activation energy involved 
in its transformation and rupture, the hydrogen bond is espe: 
cially suited to play a part in reactions occurring at normal 


temperatures. It has been recognized that hydrogen bonds re- 
and | 


believe that as the methods of structural chemistry are further 


it will be found that the 
py 1s greater than 


strain protein molecules to their native configurations, 


applied to physiological problems, 
significance of the hydrogen bond for physiolo: 


that of any other single structural feature”. 
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ge of the theme in these pages would be difficult. 
ra 


onable On redicament, only a few representative examples 
; ie tight the art and science in hydrogen bonding 
to 


i petworks: 


Hydrogen Bonding in Water 
y 


bundant liquid on the earth’s surface, water is vital 
As the te of life. Even though the molecular formula of 
for the TA A does not exhibit properties which you would 
water ; a ee rison with H,S (or with NH,)! Strong hydro- 
expect a in water increases the density, the melting and 
ee cad lowers the acidity as proton prua maiae 
with the hydrogen bonded network. Hydrogen bonding in water 
is also primarily responsible for the well known fact that water 
andoil do not mix. The ‘oiling-out’ effect is schematically shown 


in Figure 1. 


We showed how diamondoids can be made using wandering 


Strong hydrogen 
bonding in water 
increases the density, 
the melting and 
boiling points, and 
lowers the acidity. 
It is also primarily 
responsible for 
the well known fact 
that water and 
oil do not mix. 


Figure 2 Assembly of 
water molecules in 
diamondoids. 
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Figure 3 (left) An a-helix. 
Note the N-H. . -O hydrogen 


bonds parallel to the helix 
axis. 


Figure 4 (right) Double 
helix of DNA: here, P means 
phosphate diester, S means 
deoxyribose, the A-T double 
bond is the adenine-thym- 
ine pairing and the G-C triple 
bondis the guanine-cytosine 
pairing. 


sigma bonds in a previous article (Resonance, Vol. |, vA 
1996). It may come as a surprise that water can form sim i 
structures entirely through hydrogen bonds. The water m 
ecule has two donor sites (the O-H bonds 
sites (the lone pairs on the O atom). This creat 
for a self-assembly to diamondoid stru 
tually presented in Figure 2. It can 
transformation of 18 g of H,O to 18g of Oa on 
ca. 50 kJ stabilization. Such high stabilization 
cannot be matched through other non-covalent! 


BA perfects? 


The existence of carboxylic acids as dim: 
phase, is also because of strong hy 
bonding can also significantly 3 i 
(one example is found elsewhere 12 thi 


ffect chemic@ 
S issue!) 


ctures, which js concep } 


t | 
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“A Bonding in Biological Systems It is interesting to note 
=~ pydroge” that one of the main 
__ ample terms represents a symbiosis of the functional structural motifs of 
Life in simp Zai proteins)and the information system (DNA, proteins and enzymes, 
vy se eT oy lated external energy inputs. It is inter- the a-helix, is 

RNA) Be iat one of the main structural motifs of proteins stabilized 

esting £0 A the a-helix, is stabilized by intrachain hydro- by intrachain 
wl and enzymes, ch are parallel to the helix axis (Figure 3), hydrogen-bonds 


gen-bonds whi i 

the double-helical structure of DNA has the base- 
| A srogen bonds perpendicular to the helix axis 
ate, It is pertinent to mention here that in proteins there 
ig another distinct sheet like structural element (a B-sheet) 
which is also produced by hydrogen-bonding between ex- 


tended chains of polypeptides. 


Hydrogen Bonding in Biomimetic’ Systems "The word ‘biomimetic’, coined 
by Ronald Breslow, essentially 
The Watson-Crick DNA duplex highlighted the importance of anaes: miang (or mimicking) 
the specificity of hydrogen bonding between the base pairs Ad- aar 
enine (A) and Thymine (T), and Guanine (G) and Cytosine (C), and/or inorganic molecules 
(shown in Figure 5) in determining the properties of DNA. The and complexes. 

proposal stimulated interest in creating other sets of molecules 

which bind specifically to each other, leading to the birth ofa new 

discipline called ‘Molecular Recognition’. 


Of ee 
set |, the thousands of examples available in this area, the most 


| maginati : ae 
once | Sinative perhaps is the molecular replication model invented 


H C 
H-N 


CH; 
HHO \ T x x 
ty fo. of TN ib 
a 2 ¢ CL oft pee Figure § Hydrogen-bond 
NONNE directed mutual recognition 
= of Adenine-Thymine (left) 
and Guanine-Cytosine 
(right). 
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Figure 6 Model showing 
catalysis of a reaction bya 
template which holds re- 
acting partners through 
H-bonds. 


Hydrogen bonds in the 
hands of a practical 
dreamer can open UP 
infinite possibilities. 


A. Lining up on 


ETE the template 
A 


B. Covalent bond 
formation 


D ; Donor 
A : Acceptor D D 
~: Covalent partnera 
O: Covalent bond L 
ee . Hydrogen bond 
A A § 
Daughter 


| 


by Rebek. Avoiding the molecular complexity involved, th 
principle can be best understood by a model for replication shom 
in Figure 6. A template, drawn as a hacksaw, is shown on thel 
of this figure. It carries complementary hydrogen bonding site 
for two molecular pieces. Asa result of hydrogen bonding, thet 
partners are ideally aligned so that they can react to eA Hi 
: t 

covalent bond. Breaking of the hydrogen bonds with the temp aa 
would release the daughter molecule and let the template camt) { 

‘ ; ich the template afl | 
the catalysis. In the extreme example in whic vei | 
the daughter are the same, the molecules effectively selte | 


Hydrogen Bonding and New Materials 


: sons Pd 
The planned growth of hydrogen bonds in two dine el 
lead to materials with interesting shapes. The fist aa isl! 
in Figure 7 corresponds to a collection of ident site? 
together by hydrogen bonds. The strategic Bee ed A 
tion sites allows the formation of a two-dimensior® A 
enzene rings ° 


tional interactions between the b ] 
i tin 
(through a different type of non-covalen 
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stack. Overall, a porous structure with interlocking columns is Figure 7 (top left) Rigid 
obtained. ‘washers’ held together by 


a s hydrogen bonds in a two- 
d ie Another example of a sheet-like structure resulting from hydro- dimensional sheet. 
shom| 82 bonds is given in Figure 8. Here two different molecules, 
helt} M Figure 8 (top right) A 
sites ae beautiful 2D array of H- 
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Hydrogen bonding has 
transformed mundane 
molecules to potential 
information storage 
systems,sieves, 
catalysts, etc. 
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cyanuric acid and melamine, with complem 
enta 


bonding sites arrange themselves in a beautiful a h Ydr 
Tchitecty 
re, 


In Figure 3, the a-helix is characterised by a seque 
hydrogen bonds within the molecule along the Sie of pariy 
variations are possible, e.g., by mixing parallel ie, prt 
arrangements of hydrogen bonds. A lovely example io 
resulting from intermolecular hydrogen bonding with ia 
directional character is shown in Figure 9. The tubular = e 
has been demonstrated by X-ray crystallography. Such a 
based nanotubes can transport small molecular or Ga 
ments, such as water, ammonia and proton. Hydra 
directed recognition has also been utilized to design new E 
liquid crystalline materials by Lehn.- 


Hydrogen Bonding, the Magical Glue 


Hydrogen bonds in the hands of a practical dreamer can openy 
infinite possibilities. During the past few decades chemists har 
concentrated on the art of making and breaking very high eneg 
(200-400 kJ/mol) covalent bonds. The edifices built and broki 
here are as made from concrete! In the present decade, chemist 
increasingly prefer to have more flexibility. Hydrogen bondi 
has proved to be very useful in this approach. The ubiquitouse | 
has transformed mundane molecules to potential informan j 
storage systems, molecular switches of all kinds, materials, 
faces, cavities, sieves, catalysts and on and on. 


The Busy Biochemist ... Otto Warburg was one of the great bioche 
early part of the twentieth century (H A Krebs was one of his many stu 
won a Nobel Prize). Once he was invited to a ceremonial function 10 
award from the German Government. Warburg asked forthe decoratio 


i by mai, for his experiments did not allow him time 


mists of he A 
dents wn 
receive 0 
ntobese 


to leave the laboratory S 
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sts hare 
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Know Your Personal Computer 


3. The Personal Computer System Software 


S K Ghoshal 


ticle surveys system software organization in per- 
is a 

S computers using the IBM personal computer soft- 
sona Details of the hierarchical levels of the system soft- 
ware. 


ware organization are explained. 


Introduction 


An overview of the system software organization of a PC is given 
in Figure 1. BIOS (basic input output system) is the lowest level of 
theoperating system. It hides the details of the specific motherboard 
and projects a higher level interface to the physical hardware. 
MSDOS (microsoft disk operating system), the most common 
operating system of the IBM PC uses it to run application pro- 
grams. These programs can be written in any one of a number of 
high-level languages (HLL) such as Pascal, C, FORTRAN. Each 


HLL presents the programmer with an abstract view of the 
computer. 


k The complex operations supported by a HLL are implemented by 


runtime library (RTL) specific to that language. The RTL makes 


a tothe MSDOS operating system so that various tasks may be 
med by the IBM PC hardware and BIOS. 


Or ani ` 
8anization of System Software into Levels 


"Banizin 
layers as #4 System software into many hierarchical levels or 
own in Fj ag 
"in Figure 1 gives it the following advantages: 


' 
: : Pr - x 
— Piled ang grams written using a PC can be moved, com- 


dan 
TUN on any other computer. 


SS ———— UCC 


Siddhartha Kumar 
Ghoshal works with 
whatever goes on inside 
parallel computers. That 
includes hardware, system 
software, algorithms and 
applications. From his 
early childhood he has 
designed and built 
electronic gadgets. 
One of the most recent 
ones is a sixteen 
processor parallel 
computer with IBM PC 

motherboards. 


Figure 1 System software 
of computers are organized 
in layers like an onion. 
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e Scalability: The hardware, software and th i 
TT: e ; 
to execute an application program a CRA 
: ; 3 e 
improved versions without having to rewrit 
lte 


program. 


Runtime Library ; 
ets Use 
i 
UPgrade 
d 


A Runtime Library (RTU Or change 
t 


comes with every high 7 
A E e Modularity: Any reconfiguration, upgradation 
Orr 


of the software at any level does not affect its fu 
alle ne 
performance or organization. 


level language compiler. 


: Cplacemey £ 
It is a collection of large 


Uon, Overy 


number of subroutines . 
o Easy understanding and documentation: The worki 
in 


program level can be understood and explained wį 
ting into details of other levels. 


that perform well-defined B of each 


thoutgy | 


but complex operations. 
These operations are 
needed by every pro- 


The major disadvantages of organizi | 
S ng s at 
grammer who uses the i & System software it 


layers are: 
computer by program- | 
ming it in th rticul 3 f 
l ing it in the particular o Speed of operation. It slows down the application progas j 
high-level language in i emo 4 
execution. í 


question. She cannot ə The full potential of the hardware is not used by an applicatin 


write each and every de- 


program. | 
tail of how that complex | 
f 


operation is to be done We will illustrate these points with a simple example. Conde) 


oniihangiyenicompoler: the program in Figure 2 which is written in the C ie 


This is because she does language. It stores a number as an integer variable and then print { 


( 
noi know aillthe. details its value in the hexadecimal representation. Note that seve} c 


and does not have all the advantages are gained by organizing the system software in! 


| time needed to under- hierarchical fashion on IBM PCs as shown in Figure l. 5 


stand them before she 
writes and runs her first 
program. So the compiler 
implementor supplies a 
library of canned pro- 


< 6 : enen! 
This program can be run as an application in any 8 


purpose computer with a C compiler. 
To port the program from one machine to ano 


; ation site aM 
recompile it with a C compiler at the destination 


The programmer need not have an 


i Grams) which; Cul PhS: it thereafter. ae dmt“ 

| grammer will need. RT The programmer need not understand the display F 

| | is written by the compiler the machine, the addresses occupied by an “al gil’ 
| implementor. The output need not always be displayed: A ope 

|| rected to a disk file or any other device, by 
| system. y information on 


ate iy 
i 
| 
i 
rogun 4 


lication } 


onside 
mmin 
n print 
sever 
are in! 


; t The follo 


\ 'T Our, th 
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main () 
(í ing statement stores a hexadecimal number in i */ 
win 
0x 1234ABCD ; 


inti= 
i); /* The statement prints the value stored in i */ | 


| unsigned 
printf ("%Xx nai 


} 


length of the CPU, the storage of the bytes of a word in physical 

memory and other details of the CPU-memory subsystem. 

The virtual models of the CPU-memory subsystem and dis- 

play devices as seen by a C programmer are adequate to write 

portable programs. 

. Anyone who knows C can understand what this program does. 
Enhancing the CPU-memory and the video display subsystems 
does not affect the semantics! of the program. 


+ Anyone writing the operating system and other system soft- 
ware knows how to use the basic commands to run the program 
correctly. 


On the other hand, such an organization has the following 
disadvantages: 


t Mostofthe execution time of the program is spent in the printf 


coe Although only a write operation is needed for the 
ane Ut, the overhead of the printf statement is enormous. That 
ee System call for an output operation passes 
Operation to nae of the system software. The actual write 
system software S eo memory occurs at the loci level of the 
tate parameter i stween any two levels, a unique and elabo- 
Operations ee aye Protocol must be followed. All these 

* Even though dys pe pene and are aedo 
f shades of ae €o graphics hardware displays millions 
ts, the output produced will only be in 
“one to which that environment has been set. 


Neco} 
e Prog 
ram Wri 
“ites only at the current cursor position in one 


Figure 2 A small C pro- 
gram to store a valve ina 
variable iand display iton a 
video display. 


‘The operation intended to 
be performed by a computer 
Program is called its seman- 
tics. Unlike human languages, 
the semantics of computer 
programming languages and 
programs can never be ambig- 
uous or ill-defined. The seman- 
tics of a computer program 
must be so straightforward that 
even a computer (which cannot 
do anything unless told how to 
do it and does not normally 
learn by experience or example} 
can carry it out. And to all com- 
puters in the world, it must 
mean the same thing. 
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A modern video display adapter has its own 
memory (video RAM) and processor (called dis- 
play co-processor). If you write directly into the 
video memory, you may interfere with the display 
co-processor attempting to read it for producing 
the necessary red, green, blue or composite video 
signals. Even though the video RAM has two inde- 
pendent read/write ports, the CPU gets a higher 
priority when both display processor and CPU try 
to simultaneously access it. As a result, the dis- 
play processor does not get the data it needs 
from the video memory. It thus goes haywire and 


| sends the beam aimlessly, illuminating bright 


What is Snowing? 


spots which appear all over the scr 


pears like snow on the Screen. BIO 


een, This j i 
S knows 


San | 
appear clothed and more Bo El 
e 


thang | 


details of the hardware it control 


SDF 


actually is. Do not try to control the hardw 

BIOS handle it. Even MSDOS gets tothe a | 
via BIOS. Look at Figure 7 again, MSDOS e 
has its own share of idiosyncracies. Tou. | 
to MSDOS directly. Ask your RTL to do tha Je) 
write your application in C as Ihavein Fete | 
will work without your having to know angi | 
about the hardware, BIOS, MSDOS andthe Ra 


the C compiler. | 
| 


One of the advantages 
of organising system 
software in a 
hierarchical fashion is 
| that the programmer 
l need not understand 
| the display hardware 
{ 
| 


of the machine, the 


address occupied by it 
and so on. 


cence TA ETI RNR 


given window, giving the programmer no control over iy 
absolute location on the two-dimensional video screen. 

o The program uses only the default font type and size, Thi 
occurs despite the capacity of the display hardware and drive 
system softwares for supporting various font types and siz 


The moment one tries to alleviate these difficulties by wit 
directly into the video memory or directly programming ? 
display controller hardware, the program Joses its portabilt: 
Thereafter it remains tied to that specific configuration oi 


video display hardware. 


S a Re eee 


Nae 


+ anit 
: am give” 
In the context of Figure 1, let us see how the progr 


Figure 2 is executed. 
san pi 
e The application program of Figure 2 calls the ea 
The program to carry out printf is in the runum vet sf 
that comes along with the C compiler. mhe ee 
plied to printf are the 32-bit integer whichis ie 3 a) i 
case Ox 1234ABCD) and the print format COT 
e The runtime library converts the data to be P 
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Țsi EREE a 
a pem Beware of Turbocharging | 


sp compilersproduceacode that directly mod such compilers runs much faster than the ones ' 
Moy! > aS internal data structures of low-level produced by portable compilers but has no guar- | 
Kesi ” W ting systems and writes into device controli antees. Any upgrade or replacement to the sys- 
f ‘all - 
honi O AA directly. In other words, the runtime tem at any of the levels shown in Figure I may | 
is : 
te. Ley ais of such compilers, directly call BIOS (the render an old and useful turbocharged code un- | 
dwan P on benonstandard and undocumented) able to work. Invest your money and ideas on | 
' B WS A : y 
inton) + initialize hardware, bypassing intermediate portable compilers. CPUs rapidly get faster over 
o met 
lol tal | levels of system software. This is called super- the years. The temporary gain in speed from 
1. Jd |! charging or turbocharging. The implementors of turbocharging today may be obviated ina couple 
Ta such compilers have inside knowledge of the IBM of years by upgrading. You also risk becoming 
fig | pc architecture and BIOS from sources that are obsolete in a couple of years if you turbocharge | 
RIL not always open. The object code produced by your code. | 
over is ASCII string. It then calls the operating system to print the 
en. | string. In the IBM PC and MSDOS environment, it makes | 
ize, Th afunction call 09 and a system call to the service routine of | instructions to obtain 
d drive INT 21H which is part of the code text of the MSDOS F 
ne services of BIOS and | 
nd sizé. operating system. MSDOS | 
| «+ MSDOS determines how to perform the output operation. At | 
y wrt this stage, it can redirect the output to an open file. In case the | MSDOS fs tacea sea | 
ae eu has to be written on the video display device, it calls | through the software in- | 
yrtabiliy. OS by maki i i 
We 10H ee ng a system call to the service routine of INT ferrupt instruction. There 
on ole 1th a function code to display a character at the current are eight different DOS 
curs TE i 
i °F position. Typically, it makes as many BIOS calls as interrupts. One of these 
ere are characters j i i i 
gË] * BIOS kno rs in the string to be displayed. INT 21H, implements 87 
address K x aaa ts display adapter, the memory | different functions which 
es of the yi 
ieni deo RAM and the I/O port addresses of the claire 
at | ee ne Its internal data structure gives the mode in function calls. BIOS is 
fe e vi eo ada a Liria 3 . ý 
pnt] scroll the a pter is initialized; so it knows when to also entered using an 
p ay, perfor 


m a carriage return and line feed the interrupt. INT 10H is used 


aes] Cursor, Ser ; 
ol either by physically moving data in 


T ling is do 
eA | Re vide, RAM by ae 
j Page register j 5 
dit” handle the A 


toenter video-IO routines 
the CPU, or by setting an appropriate | ond use the display of 


o display adapter. BIOS can therefore the IBM PC. 
of carriage return and line feed char- 


N the vide 
SCII codes 


N 
cell April 1996 
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Interrupts a 


Events other than branch and subroutine call 


rupts, Motorola and the | 
MIPS computer corpora.. 
terrup. | 


| instructions which alter the normal sequential tion call them exceptions, and DEC 
: Calls in 


tions caused by system 
calls ande 
rror conditi | 
itiong 


traps. Whenever exceptions/interrupts occur the | 
Ur ți el 


flowin a program are called interrupts. Four major 
types are: requests for attention by 1/0 devices, 


invoking operating systern service from a user 


; current program is suspended and the Cone 

| program (service call ) and errors such as arith- jumps to service the interrupt. The cue rol | 
metic overflow/underflow using undefined instruc- of the CPU is saved so that the program i | 

tion. There is no uniform terminology to describe later resume from the point where it was A 

these events. IBM and Intel call all of them /nfer- pended. | 


acters if they appear in the string to be displayed. 
o The text of BIOS is in the EPROM. It writes directly into th 
video memory producing the desired display. d 


Similar mechanisms exist in other computer architectures and 


Address for correspondence operating system organizations. BIOS is simpler to understand | 


S K Ghoshal, than some of them. 
Supercomputer Education 
and Research Centre, 


i 3 In subsequent articles we will learn more about the system 
Ht Indian Institute of Science, 


Bangalore 560 012, India. software of the IBM PC. Feel free to write to me if you have any 
questions or comments about this article. 
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| The Punctured Plane 


| How Topology Governs Analysis 


Ee 


| Vishwambhar Pati 

Ns 

fe | ; ; m —— 
| sae be continuously shrunk to a point but | 

rd All loops in R ae o;Oythatcannot bel AI | V Pati received his Ph.D, 

le | there are loops in R- ( 2 ) a : d 7 ee €, ie } in mathematics from 

an ‘cle enclosing the origin. This difference in the topology’ | Princeton University in 

a | i and that of R? — (0,0) results in significant difference | 1985. He taught at 

US: ol hh” 


‘ si Dhennamiate : Harvard University from 
in the ‘analysis’ on these spaces. The main theme of this 


E l vë lvsj 1985 to 1988 and has been 
| article is to illustrate how topology governs analysis. | within S 
E ti f i Institute, Bangal | 
| Most of you are probably familiar with analysis, another a Pee | 
Most 


| 
: j } | ever since, | 
toth name for calculus. At its core are the fundamental concepts | | 
othe 4 ; 3 : Er 
À oflimits, differentiation and integration of functions on R, 


and more generally R”. What is topology? Perhaps some 


Sand | of you have studied metric spaces, and continuous maps be- 
stant | tween metric spaces. You may be aware that it has to do 
| with Möbius strips, Klein bottles, doughnuts, knots and the What is topology? Th 
; at is topology? The 
like. 
objective of topology 
system : ER 
“att To make a very crude definition, the objective of topology is ie loses sognadiiy m 
to study continuity in its utmost generality, and to seek the SIPS] generality 
Tight setting for this study. The basic objects that topol- ana loreek ie right 
Pe ey studies are called topological spaces, i.e. sets which have Setting for this study. 


some additional set theoretic 


‘Moms, that enables us to defi 
hood, For exam 


structure, governed by some 
ne the notion of a neighbour- 
ple, all the objects listed in the first para- 
4 | a are topological spaces. 
| me Continuity of a map, jus 
ms out that to studs 
Bi. “ae Metric. The 
5o that all our fami 


\ 
j 
Conti 5 
J | tinuity are realised. 


Once this is done, it is easy to 
t as one does for metric spaces. 
sa continuity, it is not really neces- 


axioms for topological spaces are 


TEE. : j 
liar intuitive expectations about i 
On the other hand, the general- i 
i 
| 
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In this article, | hope 
to give you a flavour 
of how a 
topological invariant 
called homology 
governs the 
solvability of a 
problem in calculus. 


A topologist has been 
defined to be a math- 
ematician who can't tell 
the difference between a 
doughnut and a cup of 


coffee! 


ity achieved by ridding ourselves of a metric į 

that topology permeates all of mathematics n 
map between topological spaces which has 3 A c 
verse is called a homeomorphism. One would ia 


Power 
Onting, 
Moug ih 


to Class 


ieee i.e., wit , 
tinguishing spaces which are homeomorphic) hout di | 


topological spaces upto homeomorphism ( 


would like to classify, say, groups upto m aS ony 
example, a doughnut is homeomorphic to a on For 
property, such as connectedness, or compactness k ! 
preserved under homeomorphism, is called a oa : 
variant. In this article, I hope to give you a flavour a 
topological invariant called homology, which we shall a 
governs the solvability of a problem in calculus. For state 


let us review some several variable calculus. 


Statement of the Problem 


Let v(x, y) = (p(x, y) q(x, y)) be a smooth vector field ona 
open subset X of the Euclidean plane R2, i.e. both play) | 
and q(x, y) are defined on X, and infinitely differentiabless | 
functions on X. Those with a physics background may ike 
to think of v as an electric field, or the velocity field ofa 
fluid confined to the planar region X. A natural fundamet 
tal question which arises is whether there exists 4 nae 
function for this vector field. In other words, does there e ° 


a smooth function o(x,y) on xX such that 


a¢ age (i 


i i jmultaneous i 
holds identically all over X? This palt of simuat ic 
; TE 
ferential equations is often abbreviated a5 


gradient of $, OT grad ¢). 


hy 1615 
Let me give you 4 quick reason aS to W fe ati? 
5 > : er ; 
have a potential function. It is easier tO rae pa” 
(and more generally integration) of pa fo 
ve 
scalar valued functions, rather than 
i if 
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2 bs example, @ line of prt fer a find gs bedi Itis easier to 
oy a at a point you would nee to take qe contributions perform 

Bip F psn” bits of Wes line, take a on along, summation of 
asiy aA we the x-axis, and then pa cass ue the pede you potentials, which 
tds | do not need to HS Ce ae but simply integrate the are scalar valued 
S Ot potential contributions. The other 2 ei pe i of more functions, rather 
Py interest to US here, is the matter of ‘work done’ in moving than vector fields. 
D. 4 „long a smooth path 7. Let coe [0,1] + X, where y(t) = 

ich js (1 (t),72(¢)) be a smooth Hass of t € [0,1]. y is called a 

cal in. smooth path joining P = y(0) to Q = 7(1). The work done 

howa along 7 in the field v is the line integral defined by : 

define 


ll 
Sms 
ERN 

< 

TY 
>A 

a 

Rae 
SS 
Se 
a 
Se 


arters, | / y 
| A 


Sm 
Jà 
— 
=~ 
aS 
A 
aby 
axe 
= 
a 
| 5 
a+ | 
m 
H is 
T 
Q 
=~ 
S 
~ 
= 
S 
aes 
a 
a 
wia 
N 
poue- 
a 
~ 
~ 
bo 
SS 


| where‘? denotes the dot product in R2. Clearly, if a po- 
| 
| 


tort tential function ¢ exists on X, satisfying (1), then the line 

ale, | integral of v along y becomes 

pi _ [20W 

ay lle | a aes Sager = 6(7(1)) — 4(7(0)) 

ld oft | 

A = 4(Q)- (P) (3) 
il 

ae by the fundamental theorem of calculus. To sum up, the 

are exit Í 


work y is j 
f done along a path is just the difference of the values 
o the potential function a 


| t the end points of the path, and 
| independent of the path. A 
j 
| 


Thus no line integrals need be 
work done. Also, in particular, 
ong a smooth loop (i.e. å path y 
= 7(0)) is zero ! 


calculated to compute the 


the work done in moving al 
‘atising +(1) 


Another obvi 


0(1) is the Ae ee oi the existence of a solution 
sel ® EO N mg: since ¢ is to be smooth on the open 
ati”? ave : 
pid” ðq ə ə 
n da Trasos T a (4) 
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Figure 1 The whirpool 
vector field. 


all over X. The (also smooth) function 24 ap. 

curl of v, and denoted curl v. The discus Oy 3S Called y, 
that a necessary condition for (1) to have k above ths 
curl v = 0 identically on X (recall the tot Dis th, 
is zero’, from multivariate calculus), So, Bon Curl araj 
vector field v(x, y) = (xy, sy) on X = R? h example, yy 


has no 
function since its curl is not identically zero Potent 


It is quite natural to ask whether curl v = 0 jg 

condition for a smooth vector field v on X to have aa 
function satisfying (1). The rest of this note is es a 
devoted to this question. sential | 


For a start, let us consider the simplest case X = R? | | 
1 h f 

this case, the answer turns out to be yes. Indeed, definetly | 
x 


function @ by 


f 

T Yy | 

de) = f oeoa f asd 

| 

That this function satisfies (1) is an easy application ofte | 
fundamental theorems of calculus about integrals of derie | 


tives and derivatives of integrals; we leave it as an exercise 
mooth vector fel | 


¢ if and oy 


So now we have a complete answer for as 
v on R’, viz. v = V¢ for some smooth function 
if curl v = 0. This is a particular instance of the Poincar 

Lemma for R2. See the book by Singer and Thorpe for tte 5 


general statement. 


Jucide! 
What does topology have to do with all this? Toe J | 
— R? to the puncte 


this peint, let us migrate from X | 
plane X = R? — (0,0). 


Consider the smooth vector field | 
i 

===" ze | 

w(x, y = 12+ y2 r2 +Y ) 


on R? — (0, 0), which is pictured in E n, i.e 
vector field has a singularity at the oriei 
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= nding this field to a smooth vector field on R2. 
dth yay of cae ene of it as the surface of an infinite river 
hoy, you may he ol at the origin. It is easy to check that this 
they with a aa free on R? — (0,0), and we may again ask 
Be ; vector field is į a smooth potential function ¢ defined on 
the whether there 15 9° 


ent le (0, 0) such that w = Vd. If there were, then the earlier 


jon would imply that its line integral along a loop 
jscuss 5 
: R? — (0,0) would have to be zero. On the other hand, 


icien 3 (hopefully empty!) Pest drifting aroung the whirlpool 
tentia! olki certainly go on gaining mesey in the counterclock- 
nti wise direction. Let us verify this (without getting into that 
boat!). Let y(t) = (cos2zrt,sin27t) where t € (0, 1], be 
the loop going counter-clockwise once around the puncture 
v. hy (see Figure 1). Then w(y(t)) = (—sin 2rt, cos 27t), oa = We can have a curl 
E, (-27 sin 27t, 2x cos 27t), and the line integral of w along y free smooth vector 
( is field œ on R? — (0,0) 
o| 1 which is not the 
i | KG sin 27t)(—27 sin 2xt) + (cos 2mt)(27 cos 27t)) dt gradient of any 
ofthe | ; ic I ee 7 potential function! 
derie | f an | E lial (6) Making just one 
or | which is certainly non-zero. Hence we have a curl free smooth PER A $ KA 
W: i vector field w on R? — (0,0) which is not the gradient of any pa Thee ea 
ndon | potential function ! Making just one puncture in R? has naear 
incar: completely changed it l ; - 
ortt \ ged its analytical nature. 
aie to Akel pon tie topological characteristic ' 
lucid loops in R2 which caue this. It is well known that all 
naw can be continuously shrunk to a point, but there 


àre loops in R2? ( 


ta point. To ma 
technology? 


0,0) that cannot be continuously shrunk 
ke all this precise, we need a little bit of 


§ 
Ome Planar Topology 


i 
chat Let x 
denote ano 


Pen subset of R2, A piecewise smooth path 
[0,1]  X such that (i) y is continuous, 


S@ map 4 : 


N 
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and (ii) there is a subdivision 0 = ag < a, < ... < ap = 
of [0,1] such that y is smooth on each of the aut ee : 
Ij = {aj,a;41]. y(0) is called the initial point and (1) A 
end point of y. The inverse path to y is the path y7! defined 
by 77} (t) = y(1—t). We shall now refer to piecewise smooth 
paths simply as paths, for brevity. As before, a loop will 
mean a path y whose initial and end points are the same 
point x. In this case we say the loop y is based at z. 


If y and r are two paths such that the end point (1) of y 
is the initial point 7(0) of 7, then one can form the com- 
posite path y * r defined by y * r(t) = y(2t) forO<t<} 
and = 7(2t — 1) for 5 <t<1. (This is the reason ori 
troducing piecewise smooth paths, because the composite of 
smooth paths need not be a smooth path, but the composite 
of piecewise smooth paths is piecewise smooth.) In particu- 


lar, we can compose two loops based at the same point. 


The constant path cz at a point x € X is defined by cz(t) = z 
for all t € [0,1]. Henceforth, we shall always assume that 
X is a path connected open subset of R2, i.e. given any two 
points P and Q in X, there is a path y in X with P as its 
initial and Q as its end point. 


Given a smooth vector field v = (p, q) on X, anda piecewise 


smooth path y in X, we can define the line integral 


With this definition, and the standard facts about change 

of variables in integration, it is easy to see that Syer Y A 
at 

Jay AANV and m v=— Jy- Also, for the constant P 


cp at z, we have fe, V = 0. 


wise 


One is now equipped to do some algebra with (piece 
smooth) loops. Let X be a path-connected open s 


ubset of 
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fore I would like to define an equivalence rela- 
2 ag be j 
2 as 


loops in X as follows. Say that the loops y and 7 
oop" 


ion on Wor homologous, or freely homotopic) if there 
are equ? ae smooth map F : [0,1] x [0.1] — X such 
exists ê BF 0) = y(t), F(t,1) = r(t) for all t € (0,1), (ii) 
that (i) F( (1,8) for all s € [0,1]. Such a map is called a 


F(0,8) = 


homotopy: We write y ~ 7 to denote that y is equiv- 


bee You should verify that this is an equivalence 
alent to 7 

relation 

One intuitively thinks of ys = F( ,s) as a continuous one 
parameter family of loops evolving from y at s = 0 to r 
at $ = 1. Finally, given a loop y in X, and an arbitrary 
point z € X, there is a loop 7 which is equivalent to y, 
and which is based at zx. For, take a fixed path a joining 
z toy = 7(0) = 7(1). which is possible by the path con- 
nectedness of X. Define 7 = o * y x ot. Figure 2 should 


enable you to construct a homotopy. Because of this, one 
can compose equivalence classes of loops. If y and 7 repre- 
sent two equivalence classes, the above remark allows us to 
assume without loss of generality that y and 7 are based at 
the same point, and we may define y +7 to be the equiv- 
alence class of the loop y »7. We will omit the proof that 
this operation is well-defined, i.e. that y ~ 7/ ,7 ~ 7’ im- 
plies yr ~ y’ x 7! though it isn’t difficult to prove this, 
by ‘pasting homotopies’. The notation ‘+’ is meant to in- 


dica ; : : ; i i 
te that the operation is abelian, and it is not difficult 
0 show that y*T and rx 7 


With w 
A OS E you may verify, for example, that 
FOINA 


equival 1 (el ee Vo Also, y * y7! ~Cr~ yT! ky. Thus, the 
ralen: a l 
gegass ft constant loop (at any point) is the 


are equivalent. If y is a loop 


identity 

y el i 

of) + is Sie and the inverse of (the equivalence class 
e equiy 

tional sj equivalence class of) the loop y~!. For nota- 


Mplicity 
Class by PA icity, we shall denote a loop and its equivalence 
© same letter, Say, 7, T, etc. 


© abelig. 
n 
Stoup of these equivalence classes of loops in 


Nc 
=] April 1996 


Figure 2 Moving loops 
around. 
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The distinction 
between the 
Euclidean plane R? 
and the punctured 
plane R? - (0,0) is 
detected by the first 
homology group. 


X is a very important one, and is called th 
e 
group of X , and denoted H1(X). It was pa’ ho oloy 
by Poincaré and Riemann for their study of a invent 
ie 


faces. Mann 51, 


I claim that the distinction between the Euclid 


and the punctured plane R? — (0,0) Can plane RE | 


is detected by 
homology group. First, let us see that Hy(R2) is M first 
; © trivia] | 


group {0}. This is because the homotopy 
F(t,s) = (1—s)y(t) 


makes any loop y equivalent to the trivial loop, so there į | 
: i 5 

only the equivalence class of the constant loop in Hi (RÌ) i 

which therefore is the trivial group ! In fact, this ae ! 


waa 


shows that the first homology group of any convex (in fac 


any starlike) open subset of RŽ is trivial. For more on Hy, 
see the Greenberg lectures on algebraic topology or the book 
by Bott and Tu. 


Of course, R? — (0,0) is not convex, or starlike, and one 
would like to compute its first homology group. First, let 
me try to convince you that it is non-trivial. For this, we 
will need the following lemma, which is the -crucial bridge 


between topology and calculus. 


habe 


t of R?, and vbe? 


Let X be a path connected open subse 
en, for two loops 1 


curl free smooth vector field on ihe, Mo 
and r in X such that y ~ 7, we have Ln = fy 
E moti? 
To see this, first let us make the simplifying oe 
that both y and 7 are smooth, and thei ng (i)? 
F : [0,1] x [0,1] > 28 between them, satisfying «© 


denote 
y(t), F(t,1) = T(t), is also smooth. We let 7 Z 


F(t) 


jte i 
path defined by als) = F(0,s) = F(1,8): Ms Wit 


(F,(t, s), F2(t, s)) in terms of its componen 
v(x, y) = (plz, y) aY 
tial differentiation by subscripts €-8- 


=> 
anne 
n ŘŮ 


t101- 
t fune i 


te P 
: tus denot a5 
Me and for brevity Ae Fis a i 


py 7 Oy 
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= Meith use the smooth homotopy F to ‘pullback’ the 
oy etc. ,. Id v from X to a smooth vector field w on the 
a e z >, 
tej vector 0, 1] x (0, 1]. More precisely, w(t. s) = (p(t, s), q(t, s)) 
Su square 0, 
a where 
f a(t,s) = p(F(s,t)) Fit + q(F(s.t)) Foe 
eR? its) = p(F(s,t))Fi,s + q(F(s,t)) Fo. 
first . 
vial This seems @ bit concocted, but is got from substituting 
ri(tys) for s, Fo(t,s) for y in the ‘differential’ p dz +q dy, 
16 ? d r 
and reading the coefficients of dt and ds in the resulting 
differential. Using the chain rule, one directly computes 
ereis | z ~ 
m| curlw(t, 8) = (Gel, s) — Plt, s) 
ment | AE s)) ZE py(F (t, s))) (Fi tF 2,5 ey Fy 5F 21) 
j A two-dimensional analogue of 
1 fact f =0 a 
: | the fundamental theorem of in- 
nH | À : bear : tegral calculus expresses a 
book | since v curl free implies qz — py = 0. Thus this new vector double integral over a planar 
| field w on [0,1] x [0,1] is also curl free. Now, by Green’s region, R, as a line integral 
_ Theorem, (see page 134 of Spivak’s book), we have taken along a path determined 
f by the boundary of R whenever 
d one | A 
£ iy A the integrand is a partial de- 
Jet 0= = dtds 
t, Ie Cog Ps)dtds rivative. This result is usually 
js, We 1l 1 0 0 attributed to G Green and is 
ridge = w(t, Ojat — fwa, s)ds + [we 1)dt + fw 0s)as Known osiGreensiinec emin 
| 0 1 1 fact it appeared earlier in the 
\ = + fv be, i rE f v work of Lagrange and Gauss. 
o T m 
y bea 


ops sfv- fv 


where t at i 
he second line is the line integral of w along the 


boundary 

; ane ai the square, and the third line follows by substi- 
ge want t £ definition of w and change of variables. (If you 
a Tee aa Green’s theorem, use the fact that w is curl 
i r tion y oh x 0, 1] implies the existence of a potential func- 
ts) Seco $ nstructed exactly as we did for R2 in (5). Then the 


wrie n equation a : : 
ae the closed 1g bove is true since the line integral of w on 


o 
ib of (0, 1) x [o i defined by the (counterclockwise) boundary. 
f : ], will have to be zero, by (3).) 


} 
ji 
d 
f 
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For the more general piecewise smooth situation, one subdi 
vides the square [0, 1] x [0, 1] into small subsquares on bl 
of which the homotopy is smooth, and replaces the ioe 
of curl w on each subsquare by a line integral of w on its 
boundary. Adding up for all these subsquares, the line in- 
tegrals on all the internal edges cancel pairwise, and what 
remains in the end, as before, is the line integral of w on the 
boundary of [0, 1] x (0, 1]. This proves the lemma. 


Solution of the Problem 


To get back to our story now, let us review the opening 
discussion about solving (1) for R? in the light of homology. 
Note that since every loop in R? is equivalent to the constant 
loop or trivial loop, the lemma above implies that the line 
integral of a curl free vector field along any loop is equal 
to the line integral around the constant loop, which is zero. 
Furthermore, if y; and y2 are two paths joining the point 
P to the point Q in R, y = 71 * A is a loop based at 
P, so 0 = IAN = i v— PRN for a curl free field v, which 
implies that the work done along a path in a curl free field 
depends only on the end-points of the path. This is precisely 
the statement (3). Thus for a curl free v on R?, we may 
define the potential function ¢(z. y) = VAN where y is any 
path. joining a predetermined point P to the moving point 
Q = (x,y). We chose one such path in (5), but could have 


chosen any other. 


On the other hand, for R? — (0,0), we have the curl free 
(whirlpool) vector field w introduced earlier, whose integral 
along the loop y(t) = (cos 27t, sin 27t) is non-zero. So the 
lemma above implies, in particular, that this loop cannot be 
equivalent to the trivial loop ! 


In other words, the homology group H,(R? — (0,0)) 8 iisi. 


trivial. 


ta 


= 
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In fact, if we consider the loops +,,(t) = (cos 2xnt, sin 2rnt) 
for n € Z, we see that {| v = 2rn, so that yn cannot be 
equivalent to 7m for n #m. Thus the first homology group 
ee R? — (0.0) is at least as large as the group of integers. 


In fact, it turns out (though the proof is quite non-trivial) 
that the first homology of the punctured plane H,(R? — 
(0,0)) = Z., with the loop yn introduced above representing 
the integer n. So every loop y in Ro (0,0) is equivalent to 
some yn. and in view of the preceding lemma. this integer n 
is determined by the relation 27m = f w. The integer n is 
called the winding number of y about (0,0). For the snaky 
loop in Figure 1, for example, the winding number is —2. 
For more on this fascinating topic, and the connections with 
complex analysis, see chapter 4 of the book by Ahlfors. 


To tie up this discussion, it would be very pleasing if instead 
of throwing up one’s hands about the insolubility of (1). one 
could use the fact that Hı (R? — (0,0)) ~ Z to give a quan- 
titative answer regarding (1). For this we will use a very 
beautiful theorem, which is due to Georges de Rham. Note 
that our foregoing lemma says that for X a path connected 
open subset of R?, the line integral fs v = 0 for a curl free 
field v on X if y is equivalent to a constant loop in X. (In 
fact, this is a reformulation of the lemma). 


The de Rham theorem (in this particular situation) asserts 
the following: If for a curl free vector field v we have that 
J y =0 for all loops y in X, then v = Vé¢ for some smooth 
function @on xX. 


Now let v be a curl free vector field on R? — (0,0). Compute 
the line integral Jj, V, where 71(t) = (cos 27t, sin 27t) is the 
Senerating loop for H,(R? — (0,0)). This will be some real 
number a, say. Since Jy, © = 27, where w is the whirlpool 
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vector field, it follows that 
Lay 
JY. oe SA 


Since yı is a generator for H,(R? — (0,0)) 
integral over a sum of loops is the sum of the inl ‘ie Ne 
ine inte 


over those loops, it follows that 


for all n € Z. Since every loop y in R2— (0 0) en 
A ; 5 equivale 
to yn ~ ny for some integer n, and v — “yw isc i 
Peers tate a 2a 1S curl fres i 
ollows that f (v — s”) = 0 for every loop + ia W 
Thus, 


some smooth function @ on Re 


by de Rham’s theorem, we have v — = Vo fy” 
or 


(0,0). 
So the final answer is : If v is a vector field on R? - (0. 
such that curl v = 0, then there exists a real number À an 
a smooth function ọ on R? — (0.0) such that v =s- 
Vo. where à = Veni v and w is the whirlpool vector 
field. So we have E exactly how far we are fron 
the solvability of (1). 

Another algebraic way of saying the same thing is as follows. 
Denote, for X as above, the R-vector sp 
fields on X by Z!(X). In this vector space. there sits r 
vector subspace of all vector fields which are gol 
potential functions. and this subspace is denoted i 
The quotient space ZMK) Bale): which is ca alleati 


de Rham cohomology of X and denoted H 


asures how ee, 


a real vector space which me 
For ex: xampe 


depart from being gradients of functions. What we bi 


DN 
opening discussion showed that HR) = 0. Y 2 (0 


sjon 3 for 3 
ntire discussi imens 


ne W 
(0. 0)) is isomorphic to the on xa 


a basis element ! is. 


seen as the outcome of the e 
is that H'(R? — 
real vector space R. and 
‘whirlpool vector field w. 


mmmn e 


ace of curl free veca j 
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ally, for X as above, given a de Rham cohomol- 
, generany> 
Co 


Mor res 

„ class TEPI™ 5 l 
ogy cla group homomorphism 6y : Hı(X) — R, which 
O 


ented by a curl free field v, we get a natu- 


ral abelian 


homology class of a loop y to f v. That this map 


; he ; ; 
4 ae, is well defined follows from the foregoing discus- 
i The full force of the de Rham theorem is: This map 
Ne lng sion. 


HX) > homyz(H1(X ),R) is an isomorphism of R- 


Legral 9 es. The symbol on the right side denotes abelian 


vector spac 
group homomorp 
o e scalar multiplication. For a proof, see the book by Bott 
wise SC 


and Tu or the book by Singer and Thorpe. 


hisms, and it is an R vector space via point- 


vale | y 
free | Finally, the first homology group H(X) can be defined us- 
(00 | ing continuous loops and homotopies, instead of piecewise 


Vo wt smooth loops and homotopies. Certain approximation theo- 
rems say that the homology remains unchanged. This clearly 


rem therefore asserts that the vector space H!(X), which 
is a purely analytical object governing the solvability of a 
system of first order partial differential equations, is in fact 
| vector a topological invariant. So, for example, if you took any 
open starlike subset of R*, and punched out a closed disc 
contained in its interior, the space you’d get has the same 
first de Rham cohomology as the punctured plane ! In par- 


re from 


follows ticular, the above analysis of curl free fields on R2 — (0,0) 
eve! 3 applies to such a space. 
gits thè 


ents d 
Bi! 
the fi 
pereit 
ee fe 
iple the 
we have 


The rez 
1€ reader may want to guess what happens to homology 


me de Rham cohomology for X = R2 — F, where F is a 
l é 
e set of points. I urge you to try. I also leave you with 


Figure 3) 


a drawing ( 
analyse, 


makes Hı(X) a topological invariant. The de Rham theo- 
of the torus that you may want to 
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Nature Watch nn 


The Ancient Mariners 


ae ee 


Kartik Shanker was 


j involved with the 
conservation of the Olive 
Ridley with the Students 
Sea Turtle Conservation 
Network (SSTCN) in 
j Madras. Thereafter, he 
\ spent two years in the 
Upper Nilgiris studying 
small mammal and 
herpetofaunal communi- 


ties, a subject in which he 


hopes to acquire a Ph.D in 
the near future. 


Sea turtles are 
reptiles which 
have adapted 
to an aquatic life. 


Figure 1 A dead Hawksbill 
turtle; its pretty carapace IS 
used for making ‘tortoise 
shell’ articles like spectacles 


and combs. 


Kartik Shanker 


Sea turtles are a fascinating group of marine reptj 

evolved millions of years ago. They show an 

variety of strategies to deal with their aquatic Acie 
Of life, 


S that 


e 


Their migrations are legendary, and the mass Nesting ofthe | 
e 


Ridleys is one of nature’s most extraordinary Spectacles 


The eight species are all endangered due to human actiy, | 
io 


| 


ties. While some have been exploited for meat, others haye | 


suffered due to factors such as pollution. This article details 
some ofthe more interesting aspects of their life historyand 
examines their decline in recent times. 


An Eggstravaganza 


Imagine. There are hundreds of eggs flying through the airand 
the beach is thick with thousands of turtles; some are movin 
around laboriously searching for a place to nest; others a 
digging up the sand and, with it, the nests of previous cul 
eggs, yolk and sand are flung with abandon; some are stone stl, 
laying a hundred eggs or more into painstakingly € 


and yet others are thumping the sand in a peculiar 


xcavated nests © 
dance befor ) 


Wa 


i 
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urtles 
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before 
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d disappearing into the blackness of the sea. 
the beach is deserted and silent, covered with 


ad fantastic as this sounds, it actually happens. This is 

‘ ea 

Bizarre little madness, her extravaganza of eggs, known to turtle 
re S . . . 1 . 

patu anarribada or mass nesting. There is meaning behind 


piologists aS r : h 
and the protagonist of this spectacular drama is the 


the madness, 
olive Ridley sea turtle. 


sea Turtles of the W 

The Olive Ridley is one of eight species of sea turtles. It is one of 
the smallest, measuring about 2 feet and weighing 40-50 kg. The 
largest is the Leatherback, growing upto 8 feet in length and 
weighing 600- 700 kg. The other sea turtles are the Green turtle, 
famous for turtle soup, the Hawksbill, known for its pretty shell, 
the Loggerhead, the Australian Flatback, the Black turtle and the 
Kemp’s Ridley. Five of these are found in Indian waters: the Olive 
Ridley, the Leatherback, the Loggerhead, the Green turtle and 
the Hawksbill (see Figures 1,2,3). The Olive Ridley is the most 
common and nests all along the Indian coastline. 


Sea turtles are reptiles (ie. cold blooded lung breathing verte- 
brates) which have adapted to an aquatic life. They are believed to 
volved more than a hundred million years ago with the 
urs. Their ancestors were land living reptiles which in turn 
Scended from sea living animals. The great advantage that 
S had over amphibians is that they could lay their eggs on 
“It eggs — called amniotic eggs — had their own aquatic 


dinosa 
had de 
Teptile 


land; th 
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figure 2 An Olive Ridley 
lays 100-150 eggs in her 
nest ; the soft shelled eggs 
are about the size of ping 
pong balls. 


Figure 3 {bottom left) The 
Leatherback is the largest 
of the sea turtles ; it is also 
different from the others in 
that it has a soft shell, made 
of cartilage. 


Figure 4 (bottom right) The 
Olive Ridley is the smallest 
sea turtle ; it is found all 
over the world and nests all 
along the Indian coastline. 
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Once the two - feet 
deep nest has 
been excavated, 
the turtle lays 
100-150 eggs in the 
hole and covers it 
with sand. 


environment, the amniotic fluid. Thi 
. S very adapta : 
on w 


alm t illi : 
ost fatal to sea turtles many million years after a Opto, 
their eyg.. 
VOlutiog 


Never the Same Flipper 


Though sea turtles have adapted to sea living in eye 
still have to come ashore to lay their eggs. After 
takes place in the sea, the female crawls 10 - 20 m 
high water mark and finds a suitable site. The 


"Y Way, they i 
mating, which i 
etres above the 


n, after cleariy 
away surface sand, she excavates a flask shaped nest with herh i 
er hin 


legs. All aquatic turtles do this, but sea turtles unfailing] 
their hind flippers alternately; freshwater turtles are not A i 
ticular. Archie Carr, a famous turtle biologist, even suggestediiy 
a sea turtle could be defined as a turtle that never put thee 
flipper into its nest hole twice in succession. There is an anecioy 4 
account of a loggerhead which had one hind flipper missin | 
When this turtle nested, the side with the missing flipper almy | 
made a token gesture of removing sand. This is believed toh | 
indicative of the degree of genetic programming in the behaviou | 
of the turtle. 


Once the two feet deep nest has been excavated, the turtlelays|( 
150 eggs in the hole and covers it with sand. Some of the spi 
like the Ridley thump the sand down with rocking movement 
their body. The turtle then returns to the sea. Most of the spe X 
have specific breeding seasons. They also have distinct bred! f 
and feeding grounds, which may be several thousand ee 
apart. This is because the beaches that favour nesting may™ 
rich in their food resource (see Figure 4). 


Before and After the Lost Year 


to het i 


she returns 
me 


the s4 


Once the female turtle lays her eggs, 
ground, though she may nest more 
There is a myth that the female waits 0 
but there is absolutely no parental care in sea abolit 
incubated by the heat of the sun an 


than once in wert | 
r het l 
ffshore fo geet ? 


d their own ° 


= 


) Pion 
lutin 


Y, they 

y Which 
OVE thy 
leat 

er hing 
Bly wy 
80 pat 
ted thy | 
he san | 
ecdo 7 
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under the sand, they hatch simultaneously and the 
about 50 days k out using their ‘egg tooth’. After hatching, they 
hatchlings ore rously, and as the nest collapses, they emerge all 
ove about Vie that at least a few will escape predators. They 
A atnight and locate the sea by the bright horizon. 
usually enere ater, they swim frantically using their stored 
Once in aoe 7 past the breakers and then begin using other 


m 


esti 
resource 
s such as Wave direction. 


cue 
tchlings fall prey to crabs, birds and small mammals even 
7 i they reach the sea. Thereafter, years of peril await them as 
e; 
all kinds of large fish feast on them. 


While hatchlings are largely carnivorous in their diet, they are 
believed to convert partly or wholly to a herbivorous diet consist- 
ing largely of seaweeds and algae. Loggerheads seem to have a 
preference for shellfish, while Leatherbacks feed almost exclu- 
sively on jellyfish. Green turtles, due to a predominantly vegetar- 


ian diet, may take 30 or more years to mature, but Olive Ridleys 
mature in 5 to 8 years. 


Till recently, scientists had no idea what happened to these 
hatchlings during what was known as the ‘lost year’ — they were 
only seen again when they were the size of dinner plates. Recently, 
hatchlings have been seen floating along in seaweed 
= hatchlings are believed to return eventually to the 

"8 grounds of their Parent population. There is also reason 


: hat when they mature, these turtles return to breed in 
same beaches, where they ha 


su 
Wival rate of hatchlings to adul 
n a thousand may survive. 


tched many years earlier. The 
thood is very low, and less than 


Fina: 
Mding the Ascension 


Beas 
display a remarkable abili 


Oare, „Year. In some ins 
y astounding, 


ty to locate the same nesting 
tances, their powers of naviga- 
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There is a myth that ( 
the female waits 
offshore for her 
hatchlings, but 

there is absolutely no 
parental care in sea 
turtles. The 

eggs are incubated 
by the heat of the sun 
and their own 
metabolism. 
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Turtles display a 
remarkable ability 
to locate the same 

nesting beach year 
affer year. 


Figure 5 During an 
‘arribada’, as many as 


50,000 Ridleys may nestin 


a single night on a short 


stretch of beach. 


For example, the green turtle off the coast of B 
Ascension islands in the Atlantic. The Ascension 


razil Nests ; 
islands, si 
he turtles 
orld War, the 


“if you miss the Ascension, your wife gets a Pension.” 


in the middle of the ocean and the ability of t 
them is remarkable. In fact, in the second w pl 


crossing the Atlantic had to refill at Ascension, t; 
Yy | 
i £ Early tag, i 
studies demonstrated that the same turtles returned ne i 
eig H 
lation kzi | 
$ ; Strengthening tl 
claim that they show high site-fidelity, and also that the ty | 
‘j 


were returning to the same beaches where they hatched, 


year after year. DNA studies have shown that this popu 
distinct from other green turtle populations, 


Scientists have debated for years about the mechanisms thats, 
use to navigate. Investigations show that turtles possess both mi 
and compass sense. They are believed to use geomagnetic a: 4 
chemosensory cues and ocean swells in the course of migrationstz 
cover thousands of kilometres through the open sea. 


Arribadas and Deep Sea Diving 


The Olive and the Kemp’s Ridley are unique for their arribadi 
or mass nesting. Hundreds of thousands of turtles migrate t 
gether and nest at a particular beach year aften year at ye | 
time. There is one arribada nesting beach in Orissa e 
Ina 10 km stretch of beach, several hundred ee es a j 
each year within the space of 2 weeks in February or Mars 
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50,000 turtles may nest in a single night (Figure 5). 
many as 2V3 


beautifully adapted to life in the water, with their long 
Turtles are treamlined bodies. The turtles’ unique metabolism 
flippers and s to stay underwater for very long periods, and some 
enables aa to hibernate under water. Marine mammals like 
gre even ees and the elephant seals were believed to be the 
the sperm ie deep sea diving, going down 4000 feet and deeper. 
Be ait cks can also dive to depths of 4000 feet and stay there 
De was or more in search of their favourite food —jellyfish. 
a adaptations to marine life believed to have evolved in 
aquatic mammals may actually have evolved millions of years 


before in sea turtles. 
Temperature Determines Sex 


Another interesting aspect of their biology is that the sex of the 
hatchlings is not determined by chromosomes as it is in most 
other animals. There is a critical temperature of incubation at 
which the hatchlings in a clutch are 50 percent male and 50 
percent female. Above this temperature, hatchlings develop into 
females and below it, into males. This has had serious implica- 
tions in the conservation of sea turtles. 


Decline of the Turtles 


Turtles have lon 


turtles haye been 
‘Gre 


g been exploited for various reasons. Green 
caught en masse for their meat (even its name 
from the colour of the meat). Hawksbill shells 


2: $ 
en is derived 


KARTIK SHANKER 


The turtles’ unique 
metabolism enables 
them to stay 
underwater for very 
long periods, and 
some turtles are even 
known to hibernate 
under water. 


Figure 6 (bottom left] Sea 
turtles have been exploited 
and killed for various rea- 
sons through the centuries. 


Figure 7 (bottom right) An 
Olive Ridley hatchling 
struggles back to the sea. 
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hatchings is not 
determined by 
chromosomes, but 
by the temperature 
of incubation. 


in some parts of the 
world, turtles were 
heated alive and their 
shells stripped off as it 
was believed that 

the shell would grow 
back. 


have been used for making tortoise shel] produ 

and spectacles. In fact, in some parts of the aa Fach as cy 

heated alive and their shells stripped off as it oak 4 turti Wey 

shell would grow back. lieved hag | 
The fact that they have to come ashore to lay thei | 
rendered them most vulnerable. The eggs of most à : BS hy | 
been poached for consumption. Many adult rire tar | 
easily killed when ashore. Natural predators like crabs a te | 
and human induced predators like feral dogs and crows p birg | 
their toll on the hatchlings. Ot 


Í 
f 
l 
if 
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Other factors have contributed indirectly to the decline dal 
turtles. Beach lighting confuses the hatchlings when they emery | 
from the soil at night. Sand mining and erosion have redug 3 
nesting beaches. Turtles die as incidental catch in large trawlnys | 
(though conscientious trawlers now have ‘turtle exclusiv 
devices’ which allow the turtles to escape). A number of leather 
backs die by consuming plastic packets mistaking them fr 
jellyfish. Pollution, habitat destruction and other aspects oft į 


banization have effectively led to the decline of sea turtles, 


S.O.S - Save our Sea Turtles 


Conservation efforts are on worldwide, to save the se us j 
from extinction (see Figures 6,7). Attempts at conservati? 
have largely involved the setting up of hatcheries ie 
are translocated to protect them from poaching and ae 
The eggs are incubated in natural conditions ae 
boxes and hatchlings are released after the Me 
India, the Forest Department and NGOs like the fae 
Turtles Conservation Network (SSTCN) in Ma 7 

ducted conservation programmes: 


5 got 
patchen“ e j ! 
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i i ined, 
However, since sex 1S temperature determ 


tampering with sex ratios in th 
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ervation or beach management where the entire Pollution, habitat 
ted. Again, due to human pressure, this has been destruction and 
places since socioeconomic and cultural 


p in-situ cons 


peac j 
difficult in many 


other aspects of 


: eet 
À i come into play. Conservationists have had to seek compro- urbanization have 
ac 

sees between the two methods and the battle to save the sea effectively led 
mit bs Sie ; 
urtles is far from over. Sea turtles are fascinating denizens of the to the decline of 
t 


pwe know so little about and we can little afford to lose such sea turtles 


dee ; 
ecious part of the marine world. 


a pr 
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Suggested Reading 


Archie Carr. So Excellent a Fish: A Natural History of Sea Turtles. Charles 
Scribner’s Sons. Revised Edition. 1984. 
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Molecule of the Month 
A Dicopper (Il) Complex Hydrolyzes the Phosphate Diester p 
Ond 


R N Mukherjee 
is with the Department of 
Chemistry at Indian 
Institute of Technology, 
Kanpur. 


| DNA: Deoxyribonucleic Acid; 
RNA: Ribonucleic Acid; HPNP: 
2-Hydroxypropyl-p-nitrophenyl 
phosphate; Phosphodiester: Di- 
ester of phosphoric acid. 


2 Note that this transformation 
is really an intramolecular 
alcoholysis, rather than hy- 
drolysis. A complete hydroly- 
sis will cleave the cyclic phos- 


phate ester. 


Figure 1 structures of 
the dinuclear copper (I) 
catalyst 1 and HPNP 


{ 


R N Mukherjee 


A dinuclear copper (II) complex is a synthetic cat 


modelling enzymatic cleavage of RNA. alyst fy, 


Both DNA and RNA contain phosphodiester linkages in 


backbones.’ The phosphodiester bond is an excellent coll | 


for tliis function because of its stability under sa | 
conditions. However, there are enzymes (nucleases, Phosphodi 
esterases) which can cleave such phosphodiester bondsefficient) | 
It has been reported that a number of enzymes which hydtoly i 
phosphate diesters contain two metal ions. Chemists have lon í 
been interested in designing synthetic molecules that can mimic 
or imitate the action of natural enzymes. 


Before 1993, compound] (Figure 1) was only one ofa multitudedf 
complexes known to contain two Cu2* ions. However, Chinad 
(Angew. Chem. Int. Ed. Engl., 1993, 32, 1633) demonstrated thal 
catalyzes the cleavage of the phosphate diester bond presentin 
HPNP (a simple RNA model) under physiological conditions 
(pH 7, 25°C). The products of this reaction are the et 
phosphate ester of propylene glycol and p-nitrophenol 
2).2 Since the latter (in the phenolate form) absorbs ne 
400 nm, it is rather easy to measure the rate of this reaction. 


( 


( 
t 


udeo 
in etal 
that! 
ent it 
ditions | 
cyclic 


tiono 
„na 


between the two Cu2+ 
Figuri i 


evaluate the role of the second metal ion in1, the 
attempt tO omplex2 (Figure 3) was also tested for its ability to 
nooner Interestingly, dinuclear complex] was found to be 
cleave me more efficient as a catalyst than2, suggesting that 
A Cu?* ions in 1 cooperate in the catalysis. 
0 


The key mechanistic feature of the HPNP cleavage by1 can be ' 


understood as follows. The phosphate group of HPNP binds to 
the two copper (II) centres of 1 as shown in Figure 4. This 
activates? the phosphate ester, or in other words, makes the 
phosphorus more electrophilic. Subsequently, the internal hy- 
droxyl group attacks the phosphorus atom, and finally p- 

nitrophenolate is liberated. Since the attack of the hydroxyl 
group increases the charge on the oxygen atoms attached to 
phosphorus, it is easy to see why compound 1 acts as a better 

catalyst than 2 (Figure 5). Evidence for the mechanism shown in 

Figure 4 comes from the analysis of the crystal structure of 1 

complexed with dibenzyl phosphate (phosphate replacing the Cl 
atoms), in which the phosphate was shown forming a bridge 
centers through oxygen atoms. 


Figure 2 Cleavage prod- 
ucts of HPNP 


3 This is an example of Lewis 
acid activation. 


Figure 3(bottom/eft) Struc- 
ture of the mononuclear 
Culli) complex 2. 


Figure 4 (bottom right) 
Mechanistic feature for 
double Lewis acid activa- 
tion for the cleavage of 
HPNP by 1. 
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Figure 5 Comparison of Molecules 1 and 2 demonstrate that properly designed synth: | |The 
the stabilization of the metal complexes can provide valuable information for unde | ud 


intermediate by \ and 2. 

y standing the chemistry involved in the action of enzyma | ™ 
Address for correspondence catalyzing the cleavage of phosphodiester bonds ata molecu | Koy 
RN Mukherjee level. This kind of biomimetic study can eventually proit subj 
Department of Chemistry subtle insights into the design of more efficient function! y 

IIT, Kanpur 208 016, India 4 

nucleolytic agents. 

urn 


fal The Second Pauli Principle ... Students in physics and chemistry encounter || 


L) Pauli exclusion Principle (the commonly stated chemistry version: n° wo electrons | 


ing spin; the phis® | 


in an atom can have the same set of quantum number, includin 
pect to exchange | 


counterpart: total wave functions of fermions are anise ae 

This one 
of any pair of particles). There is also the less well known ae H 
steer | 


tthe presence of Wolfgang Pauli, theSwi 
plicably cused apparatus 10 b 


e nervous whenever Paulie 


is simpler. Itwas widely believed tha 
issimp y a ‘oan 


the vicinity of a research laboratory inex 
ntered the! 


interpretation is that experimentalists becam ie expos 


out 


ut what can one say ab 
ch people 


and consequently made silly mistakes. B 
iversity of Berne, whi 


evastated the Physics Department of the Un 
at that very instant Pauli halted atthe Berne 


ratory, 
which d 
the fact that 


jo Zu" 
railway station on his way 


yntheti 
under. 
nays 
oleculr 
provi 
nection! 


<a 
{he l 
trons | 
ysics | 


ange 


| GM Kulkarni from 


fn this 5 


| spons 
| sharing 
| parning sctence. 

| 

‘, Getting the Facts Right Through Puzzles 
} 


The pleasure in science generally comes from the recognition of 
underlying patterns and unifying principles in diverse phenom- 
na. But before one can appreciate these features, it is necessary to 
know a large amount of factual information. This is specially so in 
subjects like chemistry. This feature represents one of the major 
thallenges in the teaching and learning of chemistry, especially at 


theundergraduate level. Excessive emphasis on memory would 
llmaway students seekin 


But the logic of the sub 
‘Uperficial knowledge 
‘tikea balance. There 
| tclassroom, 


g intellectual content in the subject. 
ject cannot be fully appreciated with a 
of chemical facts. Clearly, one needs to 
is also plenty of scope for innovation in 


me a a U a 


Karnatak University, Dharwar, has written 
ting method that students can use to become 
al symbols. The idea is simple. Take a word 
How many elements can be represented using 
ord? One can readily spot the elements with 


a 
> V12., C, H, I, S and Y. But there are several 
th two-letter s 


<8. Cm, Cs, Cr, He, Es, 


to 
“about an interes 


“liar With chemic 
“CHEMISTRY. 


è ett 2 
ETs 
ne. 1n the w 


tter 
‘ther g Patos 


» —*Ments w; 
“Chong. S Wi 
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ymbols which are contained in 
Ir, Sc, Se, Sm, Si, Sr, Tc, Th, Te, 
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ection of Resonance, we invite readers to pose questions likely to be raised 
|, classroom situation. We may suggest strategies for dealing with them, or invite 

es. or both. “Classroom” is equally a forum for raising broader issues and 
personal experiences and viewpoints on matters related to teaching and 


From J Chandrasekhar, indian 
Institute of Science. 


Take a word like 
CHEMISTRY. How many 
elements can be 
represented using the 
letters in the word? 


61 
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From C S Yogananda, Indian 
Institute of Science 


Cauchy's theorem on 


finite groups states 
that if a prime p 
divides the order of 
a finite group G 
then there 

is an element of 
order pin G 


CC-0. In Publi 


Tm, Ti, Rh, and Re. There are 24 elements (0 
the name Meitnerium and symbol Mt for e] mea 
eme 


The game (assignment?) can have endless variati 

to try out a different word. Kulkarni says a a 
worked wonders in her class. The students maa 
of the periodic table and enjoyed the process, 


type ofp i | 
ed the Syinhy) | 


I would like to suggest another puzzle along the same jj | 
learning about proteins. The naturally occurring e T f: 
0 acids 


now represented by one-letter codes ( 2 


see the poster in | 
nance, Vol 1, No.1, 1996). Students may be asked to work E 
th 


sequence of residues from a word. For example, in this ou 
CHEMISTRY stands for a peptide with 9 residues in a 
specific sequence: cysteine-histidine-glutamic acid-methionia, 


isoleucine-serine-threonine-arginine-tyrosine. 


It must be noted that the aminoacid code is a restricted alpha 
with only 20 letters. Some words can be made, but others not 
is amusing that peptides with the sequence CHEMISTRY, PHI} 
ICS and MATHEMATICS are possible, but there is no pepi 
called BIOLOGY (There is no amino acid with the code Bort! 


1 McKay's Proof of Cauchy's Theorem on Finite Groups 


hy} 
The purpose of this note is to presenta beautiful prota 
thenaté 
theorem on finite groups by J M McKay (American Mather 
Monthly, Vol. 66 (1959), page 119). Cauchy's theo : ie 
a prime p divides the order of a finite group O t 
element of order p in G, In fact, McKay's p100 
are at least p of them. 
~ 7 1A» © 
To begin with, consider the case of p= a : 
even order. The number of elements 1” 7 
g Jement ot qh 
i ity element is odd. Pair off each € elem 
identity an 


Lies 6 inverse ° 
identity with its inverse. Since the 1 


Jil 
— y 
contained in the word CHEMISTRY! nt OS vhi | 
it | 


b Weiusth, f 


CLASSROOM 


e and there are an odd number of elements to be paired 


Cate iqu 
} uniq Ae ie . 
i ff, it follows that some elements will have to be paired with 
te oil; : i 
themselves; in other words there are elements of order 2. 
A 
7 | fis a generalisation of this simpl 
Uth McKay's Pr00 s simple proof for the 
| ‘ i the set 
Pie prime 2. Consider 
SY | P = {81823 -<38 ) |g, € G, Tig, =e} 
wheree is the identity element of G. For example, (e,e,.. eje P 
lines fy | The theorem will be proved if we show the existence of a non- 
acids | trivial diagonal element of P, i.e., a p-tuple all of whose entries are 
Resp | the same, say g Æ e; g will then be an element oforder p. Weshow 
k out | the existence of such elements by counting the number of A 


his oot | ments of P in two ways. On the one hand, note that we can 

inte } choose any p —1 elements of G and then take the inverse of the 

| product of these p -1 elements for the p-th entry. Therefore we 
have |P| = n? ~! where n is the order of G. 


snot} Declare that two p-tuples are related if one of them is a cyclic 
HS Permutation of the other; in other words, if you think of the 
Le elements ofeach p-tuple to be arranged on a circle then a suitable 
Borl: 


Totatio wW i iy i y y 
an e ulva ence i wi y (0) of ] 


Wenow do the counting by defining an equivalence relation on P 


Exercise: Tf 
fi ap- z 
P-tuple has at least two ofits entries distinct. then all its | 


Cait!) | Yclic permutatio i 
Cau ns, p in number, are disti isi 

IE SiR 2 are distinct. ( This is where the 
enot? ât? is a prime is used.) = 
res tt 


ere BF Using the aboy 
pti} Where |P] den 
i agonal ele 

£ ements j 
S nP( 
rf i" Vehave IP] hose entries are distinct). 
m j b. Sincep dni and, by the exercise above, B is a multiple of 
pot) YALT ” and p divides B it follows that p divides A as 


to finis 
> but this aes Proof, we only have to know that A is not 
Since (e, Cea e) €P. 


Š is 
Seen to do the counting we get |P|=4+ B, 

es 
the numberof elements in P, A is the number 


ments i i 
in P and B is the number of non-diagonal 


b-tuples at least two of w 
=n?P-l 


WP zero 
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This section of Resonance is meant to raise thought-provoking, interess 
plain brain-teasing questions every month, and discuss answer afa er iur | 
Readers are welcome to send in suggestions for such questions, soliti N late, 
already posed, comments on the solutions discussed in the journal, etc. to i eo 
Indian Academy of Sciences, Bangalore 560 080, with “Think It Overa aa 
cover or card to help us sort the correspondence. Due to limitations of space, il 
be possible to use all the material received. However, the coordinators of this wl 
(currently A Sitaram and R Nityananda) will try and select items which best illy 


trate various ideas and concepts, for inclusion in this section. 


From B Bagchi, Indian Statisti- 1 Customers in Book Exhibition 
cal Institute, Bangalore. 
The reader is warned that though the problem looks very simpli | 


the solution may not be easy! However, the reader is encouagi i 


to try this problem seriously. 


ustomers in a book exhibition. Stu 
ooks on display, there was a uni 
ooks (and possibly more) H0 | 
ooks. Can you decide if tt 


There was a big crowd of c 
out that for any two of the b 
customer who wanted these two b 
ever, no customer wanted all the b 
were more books or more customers? 


2 Self-Copying Program 


From V Rajaraman, Indian In- 


stitute of Science | ; 
which prints Its own so 


an you write a pro eC : 
Hoe a gram in other Janguas 


How about writing such a pro 


Fortran? 
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OF fuy 
s late, 
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Nance 
1 On thy 
May no 
Section 
still. 3 


simpl, 


ouragil 


ttum 
; unig 3 
e). Hor 
if the 


| even when the bird ie 


a 
E Upper Surface ofi 


ounaation enn: 
a 2NFHINK IT OVER 


ion Explosion 
population 
iy Wi 


iyed reactions from readers which suggest different 
recel 


qe have ne reasoning which led to the idea of a population 
in t E ; i 

; errors 12 in the past. Summarising, the basic error is in the 
jon 1 

explos! 


‘on that all the 2” ancestors which one person had n 
gssumpuon o are 2" distinct people. To see this in an extreme 
EE corded that the ancient Egyptian royal families 
id O sister marriages for several generations. In 
pee E member would have only two ancestors no matter 
sy generations one went back. In modern societies, of 
course, the relationship (of having UEC ances (rs) beicai a 
couple who marry is naturally more distant. But even in the case 
of one’s parents being first cousins (not rare in some parts of our 
country) the number of great grandparents is reduced from eight 
to six. The real surprise is that this effect must operate. Even in 
cases where one thinks that two of one’s ancestors were unrelated, 
ifone goes back far enough they in turn have common ancestors, 
so one is always overcounting! 


4 A Question of Weight 


The question regarding the measured weight of a box containing 
a bird provoked readers into different responses. When the bird 
alsin equilibrium at the bottom of the box, we would all agree that 
lts Weight is registered. The bottom of the box clearly exerts an 
a es on the bird, counteracting its weight. Correspond- 
ied law) = en bird Push down by an equalamount (Newton’s 

` “aat Is interesting is that a similar reasoning applies 
in level flight. The weight of the bird must 
extra pressure difference between the lower 
ts wings (and body). How this difference is 
flapping its wings is a complicated matter. 
the bird is not falling, that the air must be 
n turn, this extra pressure gets transmitted to the 


counteracted by an 


gen 
; erated by the bird 


ut 
ans now, since 


N 
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R Nityananda, Raman Research 


Institute, Bangalore 


Discussion of questions 
raised in Resonance 
Vol.1, No.1. 


The basic error is in 
the assumption 

that all the 27 
ancestors which 
one person had n 
generations ago are 
2” distinct people. 


R Nityananda, Raman Research 
Institute, Bangalore 


The question 
regarding the 
measured weight of 
a box containing a 
bird provoked 
readers into different 
responses. 
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` 
bottom of the box and shows mnm P 
Te 


reasoning applies even when the bird iş sa Tey 
(terminal) velocity. Since there is no acceleratio ei Cong 
bird are balanced. k nef 


We leave it to our readers to now convi 
onvince them 
selves th 
at 


i.e. Neglecting 

ng the period y | 
f the box, the ti 
e Weight of borp | 
Ot jump on weg | 


the bird is falling with an acceleration g ( 
resistance) its weight is not registered. Duri 
it is coming to rest after striking the bottomo 
decelerating. The balance shows more than th 
bird (which is one reason why one should n 
machines). 


Clash of the titans ... The first encounter between the two eminent theoretical ohysiss, i 


EJ 


Wolfgang Pauli, then a young man, and Paul Ehrenfest, who was already. reputed, sm l 
amusing story. Ehrenfest is supposed to have told Pauli: “I like your papers better thon | 


you”. Pauli's answer: "That is strange, because | like you better than your papers, |} 
Wy 


ee “| 
lA] Optical illusion ... i ; 
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È The Origins of Science 
t 
Ti Part |: Thales’ Leap 


ee e i 


f Gangan Prathap 


ting 4, science is arguably the most pier social getty 
vivia] grown to US. It has transformed us a our environment in 
as unimaginable three EQUA years ago. If vi are 
bopa} healthier, wealthier ee wiser (but maybe not happier?) 
than our forefathers, it is largely due to modern science. 
Unfortunately, not many of us stop to reflect on how this 
unique social activity originated. In this essay in two parts, 
[hope to offer an account that is representative rather than 
comprehensive or definitive. It reflects and is limited by my 
own reading on this subject but I hope that it may persuade 
the reader to enquire further into the nature of the origins 
of science. Part I deals with the period leading to the great 
intellectual leap made by the Ionian philosopher Thales. 
Part II, which will appear in a future issue will complete the 


study of the Greek odyssey into philosophy immediately 
after Thales, 


Roots of Science on Greek Soil 


} The most beautiful account of the origins of science that I have 
| enea by H D F Kitto in his classic study of 
meopiously Re at a ile Greeks. I eros ey 
=a S : or us BEY on the origins of science, oe: 
itto Rae t nly once in history, and that on Greek soil. 
Show Svat thie i pon that the Gress were the first to 
er cen ot ot mind was for.” Kitto admits that IE 
tical me Na the East were Diem oe EE in 
tee S, yet te = Sometimes, in their art not es to the 
iese and the oa: uall barren.” The Egyptians, the 
Tes Which hoe eee are excellent CEOS of 
ajor inquiry eas = or thousands of years without recording 
e nature or working of the universe in 


sci 
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Gangan Prathap is with the 
National Aerospace 
Laboratoriesand 
Jawaharlal Nehru Centre 
for Advanced Scientific 
Research. His interests 
are: aircraft structural 
design and analysis, 
computational mechanics, 
philosophy of science and 
literature. 


The most beautiful 
account of the 
origins of science 
that I have read so 
far is-presented by 
H D F Kitto in his 
classic study of 
Greek civilization 
titled 7he Greeks. 


-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Fount toh EEN Sna eGangotri 


The Greeks were 
among the earliest 
to create and 
perfect literature 
in forms other 

than religious or 
love poetry. 


The modern 

intellectual 

tradition is to 

divide, to 

specialize and to 

| think in categories 
| or assign to 
i pigeon-holes. The 
| Greek instinct was 
to do exactly the 
opposite. 


68 CC-0. In Public Domain 


b 
terms that could be called a scientie gp 
oach. M j 


Aa n va in advanced stages of develo Y of, 
ivana agriculture and domesticated animala by, 
tion works, laid roads, organized themselves a ilt Vasti 4 
cities and even networked these into ona Villages, 
through systems of laws and government. 5, adminin 
For millennia therefore, millions lived rich and va 
died, failing to transmit through the written word the exper 
of each generation beyond their own. The Dark yea 
Robert M Pirsig, was merely the resumption ofa an 
qd 


€ Greeks, 


ried lives hy 


life that had been momentarily interrupted by th 


the Greeks. Here, says Kitto, was a literature which distil | 
preserved and enlarged the experience of a people and by} 
nearly three thousand years of modern human civilization | 
can now understand why Goethe could make that cruel comm} 
about the poverty of the philosophically illiterate that “he whods 
not draw from three thousand years is living from hand to mou} 


Kitto declares that the most typical feature of the Greek mitt) d 
a sense of the fundamental unity in nature and of a ra to 
things - holism describes this frame of mind. We Po č 
Homer, says Kitto, where ‘particular detai!’ and e F 
character’ are firmly fixed into a ‘universal man HA gil 3 
intellectual tradition is to divide, to specialize an oii b 
categories or assign to pigeon-holes (we call te cole or 
or more simply, splitting) whereas the Greek a vi øl 

exactly the opposite, to take the widest view E i; it? 3 
an organic whole (or lumping). Thus, even today 5n ’ a 


dale with one 
he splitters- 
splitters 207 
ee signif! 


traditions can be split down the mi 
jumpers and the other half being t 
together as many things as possible; 
create new categories whenever they $ 


Foundation 


rya sama enn 
REFLECTIONS 


ķinstinct for seeing things as a whole was joined by two 
n 
Greek! 


Ty his „ons, the firm beliefin reason, and the search for what 
heyy other P 2 the affairs of men. Before this, all descriptions of 
Stiri, jimpe” a of nature were purely speculative, mythological or 


3 ings ; ; i 
> hy ahe work tic imagination; what was imperishable was that which 
niste he poe 

ud} oft 


mitted to US by the Gods through the myths. This was 
ans. . ‘ . . 
was E iI civilizations, Greek or otherwise. Kitto describes this 
, prue 0t a” 

ives by well bY relating t W. : 
‘Petitny hat the earth rested on. “A tortoise”, said the philosopher. “And 

y. 5 ç 
Win! phat does the tortoise rest on ?” “A table.” “And what does the 


he story of a Chinese philosopher who was asked 


DA 


al way rable rest on?” “An elephant.” “And what does the elephant rest 


eks, on?” “Don’t be inquisitive”. 
ctl] From Mythos to Logos 


onoma f The Greeks were the first to show us that the old Greek myths 
atedmii| were only imaginative creations of the inventive mind. They 
disiki] began to glimpse that another level of myths could be discovered 
nd bw} through reason and abstraction, which could replace the old 
ation} myths. Let us now spend some time on this very transcendental 
comme} leap from ‘mythos’ to ‘logos’. Sociologists and anthropologists 
-whods} will tell us that in every culture the conventional means for 
omat} structuring any kind of experience is the use of myths. The Greek 
paii ii means word - in ase sense that it is a decisive or 
A \ ae ee on eae subiect It can be taken to be hoeun 
seit nia cone i prehistonic myi of all cultures and civili- 
vil B ae a eae Vedic, to name a few. It could 
| inmessurable T x = legends and these have in aog and 
wold A ae $ X ormed our presen, understanding of wie 
titteacher Ae ee taken as Beene from some authority, 
as an authoritative account of the facts or 


Orderin of : 
8 of exper tence; it is not to be challenged or questioned. 
Theg 
Teeks 

BL Creeks ; ce to challenge all this. As opposed to mythos, the 
Us logos, the Greek word denoting our rational 

e€ world. By Tational, we mean that we attempt 

Unt of truth that can be demonstrated, dis- 


Usi : 
Sing the instrument of reason. However, we 


| o Landing of th 
E © at an acco 
dang debateg 
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The Greek instinct 
for seeing things 
as a whole was 
joined by two other 
fashions, the firm 
belief in reason, 
and the search 

for what is 
imperishable in the 
affairs of men. 


A Chinese 
philosopher was 
asked what the earth 
rested on. “A 
tortoise”, said the 
philosopher. “And 
what does the 
tortoise rest on ?” “A 
table.” “And what 
does the table rest 
on?” “An elephant.” 
“And what does the 
elephant rest on?” 
“Don't be inquisitive”. 
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Science, says John 
L Casti, is myth 
with discipline. 


The philosopher 
Whitehead went so 
far as to say that 
the Greek tragic 
poets, rather than 
the early Greek 
philosophers, were 
the true founders 
of scientific 
thinking. 


cannot altogether dispense with myth-maki 

E . . n 
pher of science, Sir Karl Popper pointed out 
myth-making, just as religion is, 


B. AS the 
» all sci 
; but with an imp ; 
ence. In science, we deal with myths of a special t difiy, 


way - scientific myths are testable, change with inam CY 
ex 


critical debate. Science, says John L Casti 
2 


Philo, ; 
Nee is 


y Petience 

ti d a i The value ofon | 

ion and experiment is now seen and used to challeng tm | 
© myths 


not merely accept them because they were received from 
Author 


pline. This is the stage known as positivism 


The Triumph of Logos Over Mythos 


Let us now return to how the Greeks brought about this trum | 
of logos over mythos. The Greeks believed that the universe y, 
not built on caprice or chance. They were certain that it obe bo 
certain laws and that these immortal principles could be dise { 
ered and explained. Even in human affairs, as a study of Gre | 
tragedy will show, there is the implicit belief that it is notchany | 
but a universal and inexorable law reigns. There is design, ert | 
in what may seem to be the complex but apparently fortuitos ) 
chain of events that regularly are the substance of Greek treg | 
The philosopher Whitehead went so far as to say that the Get | 
tragic poets, rather than the early Greek philosophers, were} 
true founders of scientific thinking. Thus, we see in the Get) 
mind, the elements of poetic imagination melding with by 
elements of reason. As we will see later, these are the e ; 
steps of the full scientific process. There is one more step that | 
to become part of the scientific tradition only many a 
later - the beginning of the experiment 
as an instrument of criticism by whic ; ae 
could be refined until they gave a more unified a 


understanding. 


The Greek Philosopher Thales i 

: the or 
e early Greek speculation ire ee 
our attention js draw? 


Going back to th gù 
. pit g 
6? B.C.) of Miletus in AS? 4 


nature of the universe 
figure, Thales (6252-54 


CC-0. In Public Domai 


igitized by Arya Samaj Foundation Chennai and eGangotri 
REFLECTIONS 


aS se = 

Ki Miletus, Chaldea and Egypt 

Uo, 

Bay was an important port and the richest built up for the very practical business of regu- 
etus 


difiy, | Mil in lonia and traded extensively with lating their calendar and for making predic- 
Sey - | market Biss in the region. If is not surpris- tions; astrology and astronomy, until very re- 
lce ay many en, es was a merchant who travelled cently, were inextricably mixed, They kept de- 
1 digi, | | ing that nd learned a little of Egyptian math- tailed astronomical records and could make 
bse, ‘ie and Chaldean astronomy. Chaldea accurate predictions of the sun and the moon. 
ty eee, of ancient Babylonia in what is The Chaldeans also contributed to what could 
tary E south eastern Iraq. The early Chaldean be called commercial arithmetic, and the Egyp- 
or Babylonian, as they are often remembered) tians developed a sophisticated form of prac- 
astronomy. between 700 and 500 B.C. was tical geometry (Greek for Land-measuring). 
rium} | aol 
a box), the first of the great Ionian thinkers. He is the earliest 


} known Greek philosopher, and was to found what is known as the 
Jonian school. He is remembered as the first scientist on Aristotle’s 
authority because he is acknowledged as the first who expressed 
aeol his ideas in concrete but logical, and not mythological, terms. 
miah Little that he wrote came down directly to us and what we know 
_ ofhim is through accounts by later Greek historians and philoso- 


tragedy. | ie 
Git | phers. It is Aristotle who tells us that Thales was the first person 


vere | wask searching questions about the underlying material source 


Gr ofall things. 


ith | Greek tho 


disor 
f Greet 
tchan 


ught so far was confined to grappling with moral, 


UR 5 
a fe social problems, and their speculative adventures 
eM) tthe “d restricted to how the universe came into existence 
rai} he el ne Thales was to change all this. He was 
eup] esun durin js ilosopher to have predicted the total eclipse of 
cohet f teq mea e year 585 B.C. The Babylonians and Egyptians 
| "me a i and Sonay as tools in practical life. Thales Thales is 
| Tdents are nae scienee: Some typical propositions that acknowledged as 
| metry aoar uced to in their earliest encounters with the first who 
ag? le is bisected i f have originated with Thales: that a expressed his ideas 
oot | circle is ae “a a diameter, or that the angle inscribed in a in concrete but 
oot te Problem o Bat angle. He applied geometrical principles to logical, and not 
measuring the distance of a ship at sea, informa- mythological, terms. 
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"The usual story of the absent- 
minded Professor is told of 
Thales, that on a walk he was 
so intently looking up into the 
heavens that he tumbled into a 
well; but a story of the other 
kind is related by Aristotle — 
himself something of a philoso- 
pher and therefore not disinter- 
ested. Thales was reproved for 
wasting his time on idle pur- 
suits. Therefore, noticing from 
certain signs that the next crop 
of olives would be a large one, 
he quietly brought an option on 
all the wine-presses of Lesbos, 
so that when the large crop 
came and everyone wanted to 
make his oil at once, they all 
had to go to Thales for a press. 
So he demonstrated that a phi- 
losopher can make money 
enough, if he thinks it worth 
doing. ( From H D F Kitto, The 
Greeks.) 


One of the most 
influential ideas to 
emerge from 

Greek thought is 

that “the universe is 
not only rational, and 
therefore knowable, 
but also simple” (in 
Kitto’s words) 


tion which is vital to trade and commercial 
therefore a very practical man in some ways 
more typical of an absent-minded Philoso 
‘wasted’ time on idle pursuits.! 


interest 
oye EAN 

but in A i 

pa Thales t 


One of these idle tasks that engaged him rather del 
the simple question: What is the world made of? 
leap here is the mere asking of the question. This was 
Ionian Greeks; they had a passion for asking useless que 
a purely disinterested way. Also, they assumed that eo 
tions were capable of being answered. And they knew, a 


ightfuly Wy 
The impon 
typical of th 


newly developed instinct, that what they were going tofind 
confirm their faith in a unifying principle that underlies] 
material forms in nature. Going back to the question Th 


wot | 


asked, he believed, incorrectly as we now know, that this} | th 
stance was water. Note that Thales preferred to choose sometiy | di 
as concrete and tangible as water as his universal substance} p 
immortal principle, and expressed it in terms which were atone ct 
ready for objective and critical discussion and for experiment | W 
verification. Mythology and theology were giving way to scient ; 
It was a curious answer, but he must have had some reasons fi bl 
arriving at it. Water is everywhere, on land, surrounding thelu | al 
coming down from the clouds, gushing out of springs and wth i 
It can in turn be solid, liquid, or gas. Thales’ answer Was te T 
based both on abstract reasoning and the observation et i 
gathered through the senses. The most significant pe: k 
Thales’ answer was that in spite of the diversity AA th 
Thales was sure that the world consisted of one a Get} b 
This is one of the most influential ideas to ae eet} 2 
thought: that “the universe is not only rationi | 

I 


knowable, but also simple” (in Kitto’s words) 


There is also some irony in the fact 
philosophy and metaphysics have osci e 
multiplicity and pluralism (the world is 
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| ne Occam’s Razor 


| 
| 
| wiliam © 


jies O 
imp! 
com 


b 
ciple for all scientific theorizing - although nature for science. 


— 


f occam (also Ockham, Ockam) lived itself may not be simple, the laws describing its 
1349 A.D. He formulated the prin- working may be constructed from simple prin- 


A l from 1285 E , Enti ipl : d 
W je we now know as Occam's razor - Ena non ciples. More precisely, Occam’s razor states that 
4 ımulfiplicanda praeter necessitatem - “Enti- if many explanations are offered, the simplest, 
sun 


re not to be multiplied beyond necessity”, that is, the one which makes the fewest assump- 
ying that explanations should never be more tions, is often the one that is the most useful and 
plicated than they need be. Thishascometo fhe most likely to be true. Scientific explanations 
eregarded asthe fundamental organizing prin- must be simple and useful. This is the very basis 


indefinite number of things) to simplicity and monism (the belief 
that all things are constituted from one single thing, making no 
distinction even between mind and matter). Thus, as Kitto 
points out in his book, had Thales met a nineteenth-century 
chemist and been told that there are sixty-seven elements, he 
would have objected that this was far too many. Had he come 
sometime earlier this century and been told by a physicist that 
these elements were combinations of a fundamental building 


block, he would have rejoiced and exclaimed, “That’s what I’ve 
always said”, 


Afew things stand out about this extraordinary leap that Thales 
ae bis sanee aud analyses were totally free of any 
logical e mysticism. His metaphors were free of mytho- 
the usual m E was the first person to break agay from 
look for na ech ane supernatural explanations and 
mean that he nee using a scientific approach; By this we 

ed to combine reason with observation in 


lyin 
ê to as ; : 
tondly kand answer questions about life and the universe. 
2 


W ; 
D3 “This © must admire the boldness of his ideas. As Kitto 
ie) Off 


aa 


as j : x : 
if the human mind for the first time took its toes 


the b 

Otto A : : 

ne m and began to swim, and to swim with astonish- 
fidence,» 
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Why is an Ant’s Trail 
Straight? 


Problems of Pursuit 


G S Ranganath 


This interesting question puzzled the emi- 
nent theoretical physicist Richard Feynman 
when he was young. As a boy he did many 
ingenious and interesting experiments. One 
of them concerned ants. One day while taking 
a bath he placed a lump of sugar at one end of 
the bath tub and waited for an ant to locate it. 
Feynman used a colour pencil to mark the 
trail of his ant. He noticed that the first ant 
that located the food took a random wiggly 
route. But the successive ants did not exactly 
follow the trail. Instead, each ant straightened 
the trail of its predecessor a little bit. Thus 
after some time the trail became a near straight 
path. Many years later Feynman described 
this process beautifully in the book Surely 
you're joking, Mr. Feynman!. He concluded 
from his observations that: “It is something 
like sketching. You draw a lousy line at first, 
then you go over it a few times and it makes a 
nice line after a while.” We might argue from 
this that ants understand geometry. Feynman 
did not overlook this possibility. He said: 
“yet the experiments that I did to try to 
demonstrate their sense of geometry did not 


work.” 


gnized the importance of 


Feynman had reco 
uing another. 


this problem of one ant purs 
Historically, pursuit problems are pretty old, 
dating back even to Leonardo da Vinci. In 


CC-O. In Public Domai 


recent times this question has b Zz 
more relevant in robotics “eel ba 
| 

Thi 
his problem has now been n 


Alfred Bruckstein, a computer AREA 
Technion, Haifa, Israel. His nk 
case of ant trails wil] Surely b a 
biologists and others. Incidentally hedi 
thought provoking work on ants whe k 
was being bombed during the Iraq: Kumit 


eof interes, 


Since ants have no sense of global geome, | 
Bruckstein proposed a simple local inte 
tion between them. In this model each of 
‘mathematical ants’ goes directly towards ) 
one ahead of it. In other words, at any insta 


of time an ant’s velocity vector always poin 
towards the ant immediately ahead. Hen 
the distance between any two neighbour 
ants either remains the same or decreases, d 
course avoiding collisions. If the leadingat 
and its immediate follower move in a strat! 
path their distance of separation remains | 


Figure 1 The pioneer ant takes the curved pe | 
ABC. The immediate follower avoids the 
and takes the route ADC 
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sx ever, when the ant ahead is going 
‘ally, game: How follower heads straight to- 
: a bend the = Pee 
oun iding the bend (see Figure 1). This 
es é 
gardit Y tinues with every successive ant 
on : 
edly a iprocess he kinks in the path of its prede- 
; mS, t 
tista f gyoiding urse of time, the random path 
Nth ss0l. In co > 3 d , fi ll 
w| c usly shrinks in length and is finally 
aa 

ol) C e of minimum length, 
did asformed into on 

tf i j 
ukg | ghich is a straight line. 
vaiti, . A 

yathematically this process is governed by a 
omety von-linear differential equation. Solving it for 
aa the pursuit path of the follower given the trail 
hofte | ofthe leader is a very difficult task. Although 
ards > attempts to solve such problems began in the 
jinta {eighteenth century, to date we have solutions 
spoiw | only in two cases! The first one concerns 
. Hen | pursuiton astraight line at constant speed and 
bour | the second one relates to pursuit on a circle. 
ease} Bruckstein has worked out only the limiting 
dingat'| behaviour of the solutions of the differential 
stig} equation. He finds that the solutions finally 
wins} Converge to a straight line. This study has 
ved | travelled a possible interaction that can ex- 
e bed \ SUn the world of ants. But a word of caution 


| tio 
| “epeste 


y edatth 


[t 2 order. In principle one can try different 
p following models based on other local 
Meractions. These 
“lutions that final] 
| line, Thus only on 

ns betwee 


models may also have 
y converge to a straight 
e of the possible interac- 


n neighbouring ants has been 
dby Bruckstein. 


| lis; 

| xN ae © mention here that there is 
EF “ag E differential equation hasa 
S beate Gt us say that four ants are 
| “Vettices of a square, at the centre 


N 
ce Aprill99¢6 


of which is a lump of sugar. Can all the four 
ants reach this lump of sugar simultaneously? 
Yes, they can. If each ant starts moving at the 
same speed but follows the ant to its right (or 
left), then the differential equation yields the 
answer that all the ants will spiral towards the 
centre at the same time. Interestingly, in this 
case each ant covers a distance equal to the 
edge of the square. This problem has been 
generalised to the case of different numbers, 
of ants at arbitrary starting positions with 
variations of the speed and local pursuit laws. 


In this context we recall Littlewood’s lovely 
problem ofa lion catching a gladiator. We can 
recast this problem to our present theme. Let 
us say an ant A is threatened by an enemy ant 
E inaclosed area. This is not impossible in the 
world of ants. Further, let us say that the two 
ants are equally energetic and hence can al- 
ways move with the same speed. Then surpris- 
ingly our ant A can avoid being captured by its 
enemy E if it adopts the following strategy: 
The ant A begins by moving at right angles to 


Figure 2 The paths taken by ant A and its 
enemy, ant E, according to the strategy described 
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the line of sight AE i.e, the line joining it and 
the enemy ant (see Figure 2). It moves in a 
Sets line along this direction until its path 
intersects the radial line OR, emanating from 
the centre O of the closed area, which is paral- 
lel to the initial line of sight AE. From here it 
continues in the same direction AR through a 
distance equal to it and reaches the new 
position A'. By this time the enemy ant 
would have moved to a different position E'. 
Now A locates the new line of sight A'E' and 
repeats the whole procedure. By successive 
applications of this method, the ant A can 
avoid the enemy ant E eternally. In the process 
A’s own path will be a squiral, i.e, a spiral 
with successive line segments. More on this 
problem can be found in Ian Stewart’s 


article in Scientific American. 


Bruckstein’s work not only sheds light on 
what is going on in the world ofants butis also 
useful in the world of robotics. We conclude 
from his work that globally optimal solutions 
for navigation problems can be obtained as 

eighbour co-operation be- 


ee simple agents or robots Iti 

sive and technically difficult Isy 
robot that can find the si 
obstacles. Instead of maki 5 
cated robot we gain consid 
many simple robots. These can 
path through a mere pairw 


TY Exp 
make sing 


t Path aroun 
gle SOphist. $ 
find the bey 


ise Neare, 


neighbour interaction. 


Next time you seen an ant, approach it in) | 
saa 3 na 
humility. Itis not for nothing that hen 
esan 


Go to the ant, thou sluggard; consider} 
i i 
ways, and be wise. 


(Proverbs 66) 


Long live the members of Formicidae, 
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Molecular Clues to the Control of 
Circadian Rhythms 


TR Raghunand 


Most time keeping systems are based on the 


ting age old patterns of human ac- 
oses, according 


when the 


sun, reflec 
tivity. For most practical purp 
to our social contract, a day starts 
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organisation of activi 
cyclesis not merely anar i 
setting clocks; it is a 
tive. (Recall Geetha’s exp 
environmen i 6 
Most organisms - animals, P jel a 
microbes, 


daily or 


tin 
bles 


de T her 


bs 66) 


y Arya Samaj Foun 


ation enn 


RESEARCH | NEWS 


ai 

| 

Ja 

| input 
per gi 

| 

| receptor pacemaker 

1b 


to locomo 
regions (? 
== ae 


SCN 


= 


Eye 


rhythms 


tor 


) 


Bearer | 


Processes like metabolic, cellular and repro- 
ductive activity as well as the sleep and wake- 
< aa biological clock, like the 
eae >! o Lowe the 24 hour cycle of 
Ae potion: Mice are most active at 
i =i : most birds are active during the 
an : = a same flower at the same 
a, ae ‘hotosynthesis in plants is not 
thm ne aves but follows a circadian 
ooh cae coe plants are exposed to con- 
iin tly how the internal clock 
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Figure (la) Schematic representation of the three essential elements of a circadian system. (1b) In 
rats, the pacemaker is the suprachiasmatic nucleus (SCN) present in the brain. 


maintain a period of approximately 24 hours, 
lightis an importantcriterion in synchronising 
that period with the solar day. All circadian 
systems therefore require at least three ele- 
ments. First, a sensory pathway to receive cues 
from the environment. Second, a pacemaker 
or clock, that lies at the heart of the system, to 
generate the rhythm. Finally, an output path- 
way through which the pacemaker regulates 
the rhythms of organismal activity (Figure Ia) 


As a general feature it appears that pacemak- 
ers help to anticipate the needs of the organ- 
isms through the cyclic regulation of specific 
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Early studies have indicated that 
the underlying mechanisms of 
circadian rhythms involve 
intracellular and 
biochemical processes . 


target genes. Early studies have indicated that 
the underlying mechanisms of circadian 
rhythms involve intracellular and biochemi- 
cal processes . Today itis clear that the activity 
of several genes in various organisms oscil- 
lates following a circadian cycle. One question 
concerns whether they oscillate as a conse- 
quence of a general circadian rhythm or 
whether they are responsible for it, and are 
therefore a part of the molecular architecture 
of the endogenous clock. The paramount ques- 
tions are — how does the clock itselfrun, how 
is it reset, and how does the output regulate 
cellular activity? 


In all organisms studied so far, there is a 
pathway that is sensitive to light. But the 
receivers of this cue are varied due to the 
anatomical diversity of systems. In most ani- 
mals light hits the eyes, and the information is 
then transmitted to the appropriate region of 
the brain containing the circadian pacemak- 
er. In single-celled organisms, light acts di- 
rectly on photosensitive compounds, which 
in turn activate other cellular pathways. In 
many higher organisms a special pine-cone 
the pineal gland, is 


shaped structure called 
surface of the head 


found very close to the 


The SCN has been identified as | 
the pacemaker for mammals 
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where itis exposed to light. Itno F 
information about light but: tec | g 
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€ Of the hri 
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SCN has been identified as the pacemaker fr 
mammals where rhythms are both Set an 
maintained. In rats, the SCN is belieyedy 
send a signal to the locomotor regions oft \ | 
brain, where it determines periods of physi | | 
activity and inactivity (Figure 1b). Ren 
studies have shown thatindividualcellsofth | | 


In mammals, the pineal gland is 
within the centre of the brain i 
ability to be light sensitive. Its 
dian rhythms has been supersed 
of nerve cells located at the bas 


pineal gland of some birds and the SCNd 


mammals can maintain their rhythm: 
oscillations even when removed from the 
animal. One conclusion drawn from this 
that each oscillating cell contains allt 
components necessary to maintain w | 
rhythm, requiring no input from adja 
cells. Technically the oscillations aresti 
to be ‘cell autonomous’. 
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_ Rhythms in Drosophila 


cally. (Data taken from Konopka and Benzer‘s 
Clock mutants of Drosophila melanogaster. 
Proc. Natl, Acad. Sci, USA, 68: 2112-2116 (1971 3.) 
In mutants (e.g per, tim) flies, this rhythm is 
altered (arrhythmic, short period or long pe- 
riod) (not shown). 
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tion of messenger RNA (mRNA) by the gene, 
found that per activity cycled with a 24 hour 
period. Cycling seemed to be controlled in 
part by the PER protein itself, a phenomenon 
called autoregulation. As the levels of per 
mRNA increased, cells produced more PER 
protein, which then went into the nucleus and 
shut off its own gene. That caused the mRNA 
and protein levels to drop and eventually re- 
leased the gene from its self imposed repres- 
sion, allowing it to be active again. But this by 
itself couldn’t constitute a clock since a pro- 
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result, the protein molecules accumulate slowly 
ull they run into TIM proteins, being made at 
the same time. The proteins then bind one 
another, forming stable dimers that enter the 
nucleus. There they shut down the expression 
of their own genes in association with yet 
unidentified nuclear partners, and may affect 

other genes as well. The identification of these 

genes would be the next logical step in the 

quest to delineate the pathway by which 

rhythms are manifested. 


In addition to the fly, clock genes have been 
identified in a host of organisms such as the 
bread mould Neurospora (frequency), mouse 
(clock), and hamsters (tau), ushering in a revo- 
lution in clock research. As more clock com- 
ponents and more mechanisms become de- 
fined, and the field of circadian rhythms con- 
tinues its demystification process, we may 
perhaps very soon be able to answer the eter- 
nal question: “What makes us tick?” 


| Suggested Reading 


J S Takahashi and Michelle Hoffman. Molecular 

| Biological Clocks, American Sctentist. 83:158- 
165. 1995. 

Michael Rosbash. Molecular control of circadian 
rhythms. Curr.Opin.in Genetics & Dev. 5: 662- 
668. 1995. E 

M P Myers et al, A Sehgal et al, N Gekakis et a 

Science 270 +805-808, 808-810, 811-815. 1995. 


T R Raghunand is a research student at the Develop- 
mental Biology and Genetics Laboratory, Indian In- 
stitute of Science, Bangalore 560 012. His main inter- 
est is in studying gene expression, using yeast as a 
model system. 
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Environmental Chemists 


Share the 1995 Chemistry 
Nobel Prize 


An Honour for Unearthing the Se- 
crets of our Ozone Roof 


S Parthiban 


“The whole of my remaining realizable 
estate shall be dealt with in the following 
way: the capital, invested in safe securities 
by my executors, shall constitute a fund, the 
interest on which shall be annually distrib- 
uted in the form of prizes to those who, 
during the preceding year, shall have con- 


ferred the greatest benefit on mankind.” 


— from the will of Alfred Nobel. 


The 1995 Nobel prize for chemistry to the trio 
— Paul Crutzen, Mario Molina and Sherwood 
Rowland — is the first chemistry Nobel for 
any environmentally related work. While the 
announcement cameasasurprise to many, the 
Nobel committee had clearly adhered to the 
will of Alfred Nobel. By detailing the delicate 
balance that maintains the ozone layer and 
showing how human activity on the earth is 
perturbing it, “the three researchers contrib- 
uted to our salvation from a global environ- 
mental problem that could have catastrophic 


consequences,” reads the citation from the 


Royal Swedish Academy of Sciences. 
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poui J Crutzen (1933-) 


Mario J Molina (1943-) F S Rowland (1927-) 


“the three researchers 
contributed to our 
salvation from a global 
environmental problem 
that could have 
catastrophic 
consequences.” 


pea 
After years of observation and experimenta- 
tion, it seems clear that the ozone layer is 
lecule dy affected by natural and man-made activities. 
igedinth} Scientific measurements have documented a 
downward trend in the total column amount 


of ozone over mid-latitudes, as well as sub- 
Without stantial ozone loss over polar regions during 
biologie} the spring seasons. 
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Crutzen was instrumental in establishing the 
nitrogen oxide chemistry in 1970. The follow- 
ing year, Johnston made the connection be- 
tween supersonic transport emissions and the 
ozone layer. Until then, it had been thought 
that the radicals H, OH and HO, (collectively 

called HO, ) were the principal catalysts for 

ozone loss. The next leap towards a better 
understanding of ozone chemistry was in 1974, 
when Rowland and Molina first suggested 
that chlorine from chlorofluorocarbons (CFCs) 
was destroying the ozone layer. At that time, 
several papers had been published indicat- 
ing that CFCs were excellent tracers in the 
troposphere. 


CFCs set the Chlorine Atoms Free 


CFCs is the name traditionally given to the 
group of fully halogenated methanes. They 
were invented in 1928 as safe alternatives to 
ammonia and sulphur dioxide refrigerants. 
Rowland and Molina recognized that once 

CFCs are released into the troposphere, they 

will remain there until transported to the 
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Figure 1 The sequence involved in the formation of the ozone hole. a) Polar vortex circlesAn 
in winter. b) Temperatures drop low enough to form clouds known as polar stratospheric clouds? 
c) PSCs denitrify and dehydrate the stratosphere through precipitation and convert HCI and GO) 
into more reactive chlorine. d) The arrival of the sun photolyses the Cl, to radicals that can ca 
ozone destruction. e) The ozone hole is completely established in September and October 
Unit = 2.69 x 10" molecules of ozone cm 7). The polar vortex breaks down in November and “g 

level attains normal valves in December (not shown in the figure). i 


p , rapsis | 
The net effect of this pait of re 

and o 
conversion of atomic oxyge? (0) ae 


into molecular oxygen (0,). 


stratosphere and decomposed by solar UV 


radiation. 


CCIF, + UV (A < 220 nm) —> CCIF, + Cl. 
: O+0,—7 20, - 
The atomic chlorine released reacts with ozone she ot” 
The quantitative aspects of ist 


as follows: diyt" 
however, could not be ex as 
Cl +O, —> clo + O; Asa result, several other prop 
GORO Ch O made for the catalytic 2 ical de 
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The chlorine ato ere Tt catalytic cyc. 


once again in the breakup of ozone molecules. 
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926 Dobson developed an ultraviolet spectro- 
1926 - 


notometer to measure the total column ozone. 
| k - first qualitative photochemical theory 


for the formation and decomposition of ozone 


inthe atmosphere was formulated by Sidney 
Chapman. 

1950 -Bates and Nicolet drew attention to the role 
played by H, OH and HO, (products of photolysis 
| | ofwater vapour) in the catalytic reduction of odd 


oxygen above 60km. 


1970 - Paul Crutzen suggesied that additional 
important processes must be taken into account 
| inorder to correctly describe the photochemistry 
|| ofthe atmospheric ozone. 


197 -Johnston made a connection to supersonic 
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Milestones in Ozone Research 


tensive debate among researchers as well as 
among technologists and decision makers. 
1974 - Rowland and Molina established the 
possibility of major stratospheric ozone deple- 
tion from CFCs. 


| 
transport emissions. This resulted in a very in- | 
1 


1978 - Nimbus-7 satellite was launched. It con- 
tains the Total Ozone’ Mapping Spectrometer 
that measured the daily ozone concentration 
globally till 1993. 

1985 - The British Antarctic Survey announced 


their startling discovery of an ‘ozone hole’ over 
Halley Bay, Antarctica. 

1987 - Molina and his wife Louisa proposed a 
chlorine chain involving ClO dimer formation 
which is now thought to account for the massive 
ozone destruction. z 
1995 - Crutzen, Molina and Rowland were 
jointly awarded the Nobel Prize in Chemistry for 
their pioneering work on the subject of forma- 


tion and decomposition of ozone. | 


a ee 


tions is?) T involves the formation of C1O dimer 
| at 
andaj Sow temperatures followed by photolysis or 


th a: 
decomposition (Figure 1d) proposed 
| Molina and his wife Louisa. 
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ozone layer was detected in the 1980s over 
Antarctica by a British team. Unravelling the 
reasons for this massive destruction of ozone 
has involved a vast collaborative effort, in 
which the three laureates have remained ac- 
tive. The series of processes currently seen as 
responsible for the ozone hole formation are 
presented in Figure 1. Some of them occur 
simultaneously in parallel stages. 


The Antarctic ozone hole, once a mystery, is 
now one of the best understood aspects of the 


Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj FouRESi®ARGdinbi abeyyGangotri 


entire subject thanks to the pioneering re- 
earch by Crutzen, Molina, Rowland and sev- 
eral others. It is now accepted that chlorine 
chemistry is responsible for the ozone deple- 
tion. Yet chlorine photochemistry alone can- 
not explain the entire ozone loss; chemists 
believe that Antarctica’s unusual meteorology 
is also responsible for setting up conditions 
that allow photochemical ozone destruction. 


Early Sign of Coming Doom 


Although a fairly solid picture has emerged 
about the global ozone loss, many pieces of the 
ozone puzzle are still missing. Will new ozone 
problems develop in the near future? Despite 
the complexities and uncertainties, almost 
everyone agrees on the following: Chemistry 
is central to understanding any phenomenon 
associated with ozone layer depletion. 


Under the auspices of the United Nations, the 
major industrial countries have agreed to cease 
production of CFCs. The United Nations 
Environment Programme and the Ozone Sec- 
retariat invited the world community to ob- 
serve 16 September, 1995 as the first-ever 
International Day for the preservation of the 
ozone layer. This day was designated to com- 
memorate the signing, in 1987, of the 
Montreal Protocol on substances that de- 


plete the ozone layer. 
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‘fdward Osborne Wilson, Pellegrino Univer- 
‘sity Professor and Curator in Entomology at 
theMuseum of Comparative Zoology, Harvard 
| University, is probably known to different 
people for different things. Some know him 
| forcreating the science of sociobiology and for 
; Wing in the eye of the storm raised by the 
human sociobiology controversy. Some know 
tmas the social insect specialist, author of 
Inet Societies and, the Pulitzer prize winning, 
E Tenis written with Bert Hölldobler . Oth- 
w (know him for his theory of Island Bioge- 
Be developed along with the legendary 
vest, Robert H MacArthur. Still others 
as the most influential spokesman 
a a Conservation of biodiversity 
e € author of T ents by now know him 
fti thar ont © pectation “The worst 
late Ppen, gu happen, is not 
i n, economic collapse. limi d 

] ary. e pse; imite 
À Ear» arate y a totalitarian gov- 
“Vol, ati ed on page 23 of Reso- 
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it’s the same Wilson in all the above and more 
avatars. 


Coming from the horse’s mouth, this memoir 
of his life and times and of his evolution as a 
scientist is a uniquely enjoyable read. Books 
like this one should be made compulsory read- 
ing, instead of, not in addition to, one of the 
books on biology that students are now re- 
quired to read. Students would learn a lot 
more and would, for once, enjoy the process of 
learning. Wilson describes himself asa happy 
man in a terrible century. But why terrible 
century? Because Wilson laments: “In one 
lifetime exploding human populations have 
reduced wilderness to threatened nature re- 
serves. Ecosystems and species are vanishing 
at the fastest rate in 65 million years”. But to 
go back to the beginning, Wilson begins by 
recollecting how at the age of seven he stood 
“in the shallows of Paradise beach, staring 
down at a huge jellyfish in water so still and 
clear that every detail is revealed as though it 
were trapped in glass....I want to know more 
but I am afraid to wade in deeper and look 
more closely into the heart of the 
creature..... The jellyfish, Inow know was asea 
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nettle, formal scientific name Chrysaora 
quinquecirrha, ascyphozoan, a medusa, a mem- 
ber of the pelagic fauna that drifted in from 
the Gulf of Mexico and paused in the place 
where I found it.... There was trouble at home 
in this season of fantasy. My parents were 
ending their marriage that year. Existence was 
difficult for them, but not for me....Each morn- 
ing after breakfast I left the small shorefront 
house to wander alone in search of treasures 
along the sand”. 


The fact that a fishing accident in which the 

spine of a fish pierced the pupil of his right 

eye, and left him with full sight in the left eye 

only, did not deter Wilson from pursuing 

natural history: “ The attention of my surviv- 
ing eye turned to the ground. I would thereaf- 
ter celebrate the little things of the world, the 
animals that can be picked up between thumb 
and forefinger and brought close for inspec- 
tion.” Wilson’s prescription for the making of 
a naturalist should come as an eye opener for 
today’s parents and teachers: “Hands-on ex- 
perience at the critical time, not systematic 
knowledge, is what counts in the making of a 
naturalist. Better to bean untutored savage for 
a while, not to know the names or anatomical 
details. Better to spend long stretches of time 
just searching and dreaming”. 


ent most of his childhood and a 
f his adulthood catching butter- 
d aiming pebbles 
and seize 


Wilson sp 
great deal o 
flies, digging up ant nests an 
at the heads of snakes so as to stun 
ater. | am sure many of us recall 


them under w i 
n our lives. What then is the 


similar phases i 


` 


CC-0. In Public Domain 


be +he Spokesman ter 
gloi Biodiversity | 


i A 
or fer yi 
; S f 
4 Í 5 a 
a aE ( : A. be | jp 
| INE A | gi 
| hie ie j fo 
| i Se alt 
| a k (0 
| Hey Jish use one o yan 
| i a and Ino do 


difference? Why did we all not go on ttt) fri 


come naturalists of his class? Wilson az} bee 
pates this question from his readers andy 
vides a convincing answer - “Most chile} yi 
have a bug period. I never grew out ofl ‘B 
he admits. Wilson’s frankness makesthel po 
He describes] D Watsoni) Ind 
co-discoverer of the structure of DNAS ere 
ant human being! bade 
He came to Harvard as an E) 3 


ER hi K x 
with a conviction that i 
ascienced ' 


ent 


truly enjoyable. 
most unpleas 


professor..... 
must be transformed into 


, in thela 
molecules....and re-written 1m 


physics and chemistry 
fore, ‘traditional piology 


was infested by stamp collect? 


jr sud] 
the wit to transform their 


r who") j 


radiated contem 
Watson became the 


BOOK 


rya samaj Foundation 


REVIEW 


ratory; Wilson admits sunia 
| ~ ecands that “I wouldn’t put him in 
| sco onade stand” but graciously 
ae - “He proved me wrong. In 
d that noted institution to 


arbor Labo 


ș he raise t ; 
hts by inspiration, fund rais- 


ability to attract the most 


fà 
| en year : 
even greater poe 


| < ckills and the eee 
| A ier” I hope this is bait enough 
j te 


| army molecular biology colleagues and the 

| 4 E converted molecular biology students 
alre 

j read the book. 


f One 
Hilton 
natch 


put wouldn’t blame Watson after all. These 
| encounters appear to have made Wilson ob- 
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ost cil} Wilson and quote Stuart Mill who said that 
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Holidobler: “It contained 732 double- 
columned pages, hundreds of textbook fig- 
ures and color plates, and a bibliography of 
3,000 entries. It weighed 7.5 pounds, fulfilling 
my criterion of a magnum opus -a book which 

when dropped from a three storey building is big 
enough to kill a man” (italics, mine). 


Autobiographies are not easy to review. A 
reviewer can at best hope to whet the appetite 
of the reader by giving him tantalizingly brief 
glimpses into the life of the man and the 
nature of the memoir. That is what I have 
attempted to do. I cannot find stronger words 
to recommend this unique combination of 
autobiography, history, biology and philoso- 
phy. Reading Naturalist is the most pleasur- 
able way to learn, reflect and shape one’s 
career in science. When I read it, my only 
complaint was the book came to an end! How 
many readers of Resonance would succeed in 
laying their hands on the book is a difficult 
question to answer but I strongly suspect that 
a relatively inexpensive paperback would hit 
the stands soon. In any case I believe that 
knowing about a good book that is not easily 
available is better than being ignorant of its 
existence. I have often heard good things about 


_a book and have had to let the desire to read it 


grow with me — the longer I have had to wait, 
the more I have enjoyed finally reading it. 


Raghavendra Gadagkar is with the Centre for Eco- 
logical Sciences, Indian Institute of Science, Banga- 
lore 560012, India and Jawaharlal Nehru Centre for 
Advanced Scientific Research, Jakkur, Bangalore 
560064, India. 
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Games with Bubbles 


An Invitation to a Wonder Land of 
Physics 


G S Ranganath 


Soap Bubbles - 
And the Forces which Mould Them 
CV Boys 
Vigyan Prasar Reprints: Popular 

Science Classics, 

Department of Science and 

Technology. New Delhi, 1995 

pp 109. Rs 30. 


It is probably very difficult to find a person 
who has not been charmed by the exquisite 
beauty ofsoap bubbles. Invariably, our appre- 
ciation of soap bubbles ends with an admira- 
tion of their shapes and colours. We do not 
realise that there is a profound science behind 
their beauty. The best book to start learning 
the physics of soap bubbles is the monograph 
of Boys. His book which evolved out of three 
demonstration lectures has justifiably become 
a classic. The rich variety of experiments that 
are described without the aid of a single equa- 
tion is really astounding. Natural phenomena 
and their relation to surface tension are dis- 
cussed, a rare quality in present day text 
books. This book is a must in every science 


lover’s book shelf. 


Though the book is supposed to be on soap 
bubbles, Boys begins with a discussion of 
liquid drops- He appreciated the fact that a 
study of drops whic 
naturally leads to the p 


h is easy to undertake, 
hysics of bubbles as 
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This book Which ey 
three demonstratio 


olved Oy 
mes nle 
justifiably become ac 


rich variety of experi 
are described Withou 


a single equation İS re 
tounding. 


Cures hag 
lassie Th 
Ments that 
tthe id of | {| 


ally gs. 


well. Boys was probably aware th 


; at Drag 
hints would be necessary for ie praci 


| , Ne eliter 
to repeat, let alone improve Upon, hisd k 
> Cth, 


strations. In view of this, he has given got | 
useful tips towards the end ofthe boat | 
lectures can even be looked upon as; ll 
mentary on the classical physics of his tins 
Through a description of simple, elegantz: 


beautiful experiments Boys builds thesubi: 


of surface tension and reveals its enti b 
effects. These experimental results aren} @ 
evant even 106 years later. Itisnotoutofja) © 
to recall a few of them here. 


The discussion on the effects of local rat 
tions in surface tension resulting frome 
centration or thermal gradients i$ w p 
structive. We have all read of the = 
tion of camphor on water. Boys ae 
same physics is behind the pe. 
ing of a candle or formation ae 3 
the walls of a vessel containing W 
demonstrations on the ma 
shapes of drops are very ae 
ticular the one 92 the shape ©? igi 
in a rotating liquid drop: a o 
flattened at the poles. Af oe 
breaks into 4 liquid ring ee 
drop. At much highet 


as a ci, 


y Arya Samaj Foundation Chennai and e 
BOOK | REVIEW 
aa ee 
tof : C V Boys | 
has | 
The ays had varied tastes in science. Institute, were later enlarged into. a book | 
ha |. VB BE internationally famous for which saw many editions. Strangely, all | 
dof | { | fe a on the measurement of the these editions were published by ‘ The | 
Qs. his eee constant G. It may be Society For Promoting Christian Knowl- | 
bi aut that his early education was | | edge’ under the series ’ The Romance 
mining and metallurgyandoneofhis (a of Science’. Boys lived to see the French, | 
t prail early scientific papers, published in Nafure,was German and Polish translations of his book. Inci- | 
Celie | snlearning capabilities in garden spiders. Inter- dentally, he also developed a toy named ‘Rain- | 
is deng | estingly, he also wrote a book on weeds. Hewas bow Cup’ which was patented and released to | 
per | oneofthe few scientists to successfully popularise the market. Here a flat soap film is spun ata high 
00k. The | science. Towards the tail end of 1889 he gave rate leading to a thinning at the centre which 


| three lectures on soap bubbles to a juvenile audi- 


hisita / ence. These lectures, delivered at the London 
legante] | 
} 


the subja 
ts enticis 
Its are r 
outofplz 


breaks into droplets orbiting the central flat 
drop. The experiments pertaining to cylindri- 
cal drops are simply beautiful. Their instabili- 
lis in a variety of situations have been de- 
“ribed in simple terms. He gives elegant an- 
wers to such questions as: Why do we find 
frome fine beady strands in the web ofa spider? Why 
is vei Wes water running down a tap or emanating 
erratic Sajet, break into droplets? In this context 
yes ha ugi his demonstrations must have left a 
uous W ps pression on his audience. Boys 
pe dnt Ee that even the inaudible ticks of a 
wit il ; 3 pn be made to echo aloud in a big hall 
ties 9 me it acoustic 
a ae ru 

les act as q 


local vant 


ally to a jet of water 
bber sheet. The grow- 
n amplifier. 

His a 

j kia Ss with bubbles are equally 
Ai mation of bubbles inside 
Y of diffusion of gases through 


c 
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results in a ring of colours as in a rainbow, This 
was a popular toy for quite some time. 


eee Ee, ee 


| 
| 
j 


soap bubbles, effects of buoyancy on a bubble 
inside a bubble are some of the extraordinary 
phenomena discussed by Boys. There is also 
an interesting section on the production of 
curved soap films with ‘zero’ curvature and 
attractive soap film configurations inside wire 
frames of different geometries. Experiments 
pertaining to the mechanical strength of cy- 
lindrical bubbles are equally intellectually 
engrossing. Boys also considered in his book, 
the effects of electric fields on drops and 
bubbles. With electrically charged bubbles he 
demonstrates analogues of the Faraday cage 
and electrostatic interaction between charged 
bodies. His experiments on the effects of an 
electric field on the structure of jets are worth 
repeating even today. 


The digression into curves in general and 
conic sections in particular is a pleasant inter- 
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Bashing the British System of Units gone through the 1929 
the Indian edition agr 
respects. 


edition an 


fi 
ees With i "Ny, 


"| have felt constrained to use the archaic British 


The De Ih 
; part Ne, 
units of measurement, as the unfamiliar metric Technology which ee of cien ? 
: A Ina ee aa 
terminology would have distracted the attention of should be congratulated Need this ve as 
à A on H 3 
the majority for whom this book is intended, who undertakin 2 


an activity. Also its decision to publish, 
price is truly commendable, y “ath 
the Indian edition is nota 800dr 


of the original Monograph in g 


have spent untold hours that might have gone into ' 
Mortunay 
presenta, N 


mathematical or general education in performing 


ridiculous operations such as reduction, compound 


multiplication and practice which our British meth- The editors could have handed 
ods of measurement necessitate, but which in a little more care. They nee fa f 
more enlightened countries are wholly unneces- ‘explanatory notes’ towards the end of i 

sary.” book. Some of these notes are even mised F 
C V Boys, in his preface to the new and enlarged For example it has been stated thata golde] h 
edition of the book ‘Soap Bubbles’ electroscope detects radiation while infa d 


can only detect ionizing radiations, The] W 
needs the geometrical dimensions ofstilling| th 
lude. His expositions on curves generated by etc, and not their monetary relationship] ¢t 


the focus of a conic section as it rolls ona the British Pound. Further, Figure imi t 
straight line are very illuminating. Oneeffort- consistent with the text pertaining wt fu 
lessly learns a lot of geometry relevant to the instability of a rotating liquid drop. gr 


be 
shapes of the bubbles. 4 
dr 
Now about the Indian edition of this marvel- eS eee r 


Research Institel 


lous book. I could notlay my handsonthefirst G S Ranganath is with Raman ing 


dia. 
edition of this monograph. However, I have Bangalore 560 080, India a 


tin 
g beet! 
Over the last few years, there ha at 


ft 
rae : number ° 

h substantial increase 10 m stofie 

A Concise and Interesting Book! books on complex analysis. Mo ae 


Complex Function Theory 


o% 
‘a1 Thereis | 
= a a ae re material. T 3 
n core i 
. have commo t present about ie 
Gadadhar Misra ous disagreement at P arial 8! 7 
: i is ma 
Notes on Complex Function Theory order in wil th A ni y 
Donald Sarason sented. Besides, eleg a of e W Al 
m! sangi N 
TRIM #5, Hindustan Book Agency. have been found E ask A 
New Delhi 110 017. 1994. results. This makes ce” | 


pp 184. Rs 180. analysts 


book on complex 
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REVIEW 


imitations of space the 
within the limitgtio 


pook has an amazin 
terial. The proofs presented are 
ma í 


complete and rigorous. 


g amount of 


ishata, pvel all the more difficult. 
mut s on Complex Function Theory by Donald 
“Senta, Note: 


je garason is written in a‘clear style which is 

Tes Ey 4 j i 4 

al ' oncise and interesting. The material is well 
i ¢ y ; 

theta] ganised and is presented in a natural sequence. 
IE Gi 


end of ty 


nisleadiy | Fro ; 
aplik holomorphic function, a student often won- 
l iti 


leinfg:, ders if much of complex analysis is similar to 
s. Thel what one has already learnt in real variable 
fshilig| theory. She is surprised by the many differ- 
ships} ences that she encounters between a 


in the seemingly innocent definition of a 


rel7is| Holomorphic function and a differentiable 
ing tot function of two real variables. The list keeps 
p. towing, so much so, that after a while, it 
becomes impossible to keep track of all these! 
The book under review has about one hun- 
_—| ttedand fifty descriptive titles, each of which 
early indicates what is to come in the next 
ie ibis is certainly very helpful for 
i earning the subject for the first 
ps bell "Me. Here is asample tha 
a g| tthe first reading : 
fhett 
e jmo ug Holomorphic functions are differ- 
tel Mable to all orders. 
yi BF ; 1.13) Holomo 
i | OS derivative 


ch Insti ` 
Page or 
"e 


tis hard to miss even 


rphic functions, all of 


; > S at a point i 
A P vst ae Point vanish, are 
7 A if l : 
T g” h 4)Tw > å 
ii a Bon 0 holomorphic functions which 


ele” f Open set i = 
are identical. 


D ` 


The book begins by clearly explaining the 
difference between realand complex differen- 
tiability. The branch of a logarithm is dis- 
cussed in detail and is followed bya discussion 
of analytic continuation. The Riemann sur- 
face associated with the function z! is con- 
structed. A brief discussion on power series 
follows. Cauchy’s theorem is first proved fora 
convex region. Cauchy’s integral formula is 
then derived from this. Laurent series and the 
discussion of poles, singularities » etc. occupy 
the next chapter. Simply connected domains 
are introduced via the winding number crite- 
rion and then a more general version of 
Cauchy’s theorem is Proved. An interesting 
alternative proof of Cauchy’s theorem is pro- 
vided using Runge’s theorem. 


The Riemann mapping theorem is presented 
at the end. (Of course, this is one of the main 
theorems proved in any serious first course on 
complex analysis. However, a lengthy discus- 
sion on ‘normal family’ and the lack of moti- 
vation for the proof usually combine to dis- 
courage a student from learning the proof.) 
Sarason’s book first isolates an extremal prop- 
erty of the Riemann map. The proof is then 
given in three clear cut steps: 1) existence ofa 
univalent (one-to-one) holomorphic map of 
the given simply connected domain into the 
unit disk, 2) existence of a map with the 
necessary extremal property, 3) proof that the 
map so obtained is the required Riemann map. 


Within the limitations of space (less than two 
hundred pages) the book has an amazing 
amount of material. The proofs presented are 
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that could be added tothe book but 

there is hardly anything that could 

have been left out! L V Ahlfors. Conformal Invari \7 
Nant 


There are perhaps a lot of topics —— m 
Suggested Further Readin 


complete and rigorous. There are perhapsa lot 
of topics that could be added to the book but S D Fisher. Function Theo 


there is hardly anything that could have been Second Course in Complex Analys; Ne 
d ysis, | 
left out! However, a list of books for further on EE Totaig, | 
“ is book is for an: s i 
reading should é Y one interested in open, | 
g have been added theoryihi apas TA s edin open | 


: x 5 ne Varia 
This book will be most valuable for students Birkhauser. 1985, | 
at the second year M.Sc. level or the first year 
of a Ph.D. programme. eral variables, 


After completing a course from Sarason’s book, 
a student will be able to study any one of the ©§ — ~ 


following books. These discuss related mate- Gadadhar Misra is with Indian Statistical Init 
rial at an advanced level. 8th Mile, Mysore Road, Bangalore 560 059, Indi. 
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R Narasimhan. Complex Analysis in 0 


This book serves as good Preliminary rey 


i i ig) 
someone interested in complex analysis in se i 
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Another Uncertainty Principle ... As far as the laws of mathematics refertoredit) 
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they are not certain, and as far as they are certain, the 


Einstein. 


‘People say haljo 


Otto Warburg's reply ... A journalist once asked Otto Warburg: . 
n? Warburg ste 


are a great scientist buta rotten human being. Whatis your reactio! 
1 am glad that they do not say the other way around.” 
erty | 
mist who 
Deceit in History ... John Dalton, the great nineteenth-century che 


ered the laws of chemical combination and proved 
emisthas been 


shed elegant tesults that no present-day ch 
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1 only be dealing with non-singular? loci we use the 
“ace we W! 


dn since ? definition that near each point p,= (x,,y,, z,) of the 
India, | amale is given in parametric form as p(t) = (x(t), y(t), 2(t)) 
ave it e coordinates are given by regular functions of t 


7 phere thes 
gear 0. Then ; 
ce | gon-vanishing © 


he non-singularity of the locus translates to the 
f the velocity vector (X(t), ý (t), 2(t)). 


der to understand how such a locus is curved, we travel along 
of 


: ; 
in nd check to see whether we experience any 


ipat constant speed a | : 
sreleration. This is in keeping with Newton’s law that a body 
a 


moves along a (straight) line at constant speed unless it is 

subjected to acceleration; thus Newton’s law will turn out to be 

a geometric definition of a line. In symbols, let p(t) = (x(t), y(t), 
cione \ a(t)) bea parametrisation of the curve so that we have speed equal 
toa constant, i.e. 


(é(t)? + 9 (t)? + 2(t)?) =constant independent of t. 


(Exercise: Those who know their calculus should be able to show 


. "Upto t 
title erms 


atapp of order 2 or more, the osculating circle is the 

ah 
: (iee loure 1) ree aha the curve upto terms of order 3 or more 
oi Nhe the; CUrvature of the curve at the point is defined 


e Ivers 0 
€ of the radius of the osculating circle (here we 


ishnon, TEN 5 
A tat such a parametrisation always exists). The acceleration is 

h À ; 
cana en a vector perpendicular to the velocity 
JB host X()X(t) +9 (WY) + &(t) z(t) =0. 
my e Why does this equation hold?) The magnitude 
g O = (202+ y1)? + 8 (t)?)!2 of the acceleration is called the 

e, : 
)ga curvature of the curve at the pointp(t). If one works this out for 
ngonoh the circle 
nko, 
indore > WU), = (rcos(t), rsin(t), 
ie | (0), y(t), 2(2)) = (reos(t), rsin(t), 0 
enw i 

d a “obtain R(t)= 1/r (Exercise: Check this). This corroborates 
et Nt : intuition that a circl : 5 R . 

ln, ie x ircle with a large radius is nearly a straight 

ye AaS Curvature close to zero. 
oy A 

0 pya Nore e N 
5 ost ta ie acai approach is as follows. Just as the tangent line 
poiat | Sey iven by the linear equation that approximates the 


? Mathematicians are prone to 
describing things which are 
easy to study by nice names 
like ‘regular’ while those which 
are difficult are given epithets 
like ‘singular’. 


Figure 1 The osculating 
circle. (t tangent vector; 
n: normal vector.) 
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allow a circle to become a line when its radi 
hard to show that the analytic definitog 
geometric one. This points the way to the 
of Serret-Frenet which are obtained b 
higher degree which approximate the g 
orders. 


n Coincide “ 
higher Order iny 


k 
yi examining i A 
iven on y 


¢ 
© to even big, 


One problem is that this curvature is not intrinsic. A b 
r AR ODject te | 
Urroundiny | 


SLike the arrow of Arjun that 
travelled to its target looking 
neither left nor right. 


travels along the curve without interacting with thes 
will not observe the acceleration since the latter jg perpendi 

to the curve. One way of seeing this is to think ofa inal id 
in a TV cable or optical telephone fibre cable—the im 
straightening of the cable has no effect on the silt 
reasonably clear from this viewpoint that there is no ints 


4 


notion of curvature fora curve; curvature for a curve is determi ^ 


by the manner in which the curve is embedded in (sits in) spa- 
the beauty of a curve is truly in the eye of the beholder! Tı 
confront intrinsic curvature (and beauty) one must study high 
dimensional loci. 


Curvature is Superficial! 


Surface: A two-dimensional 1 


ocus of points or a one-dimensiou 


locus of curves. 


A 


the analytic definition ofasuttt 


Analogous to the case of curves, f 
(u, v) = (x(u 0) yh” 


is given by a vector valued function p 
There is 0 z(u, v)) such that the two vectors 


í 


intrinsic notion of aaa 9 3 
curvature for a opu) _ ZOL a Sero 
curve; curvature for Ou Ou Ou Ou ise? 
i Q ipie 
G.cUIve, are linearly independent (i.e. one is not a a j ie? 
determined by the The study of curvature of such loci was a ee "i Ma 
i ” 
manner in which Meusnier and carried to its “remarkable” con 
the curve is Egregium) by Gauss. P 
embedded in nate rvature!? 


(sits in) space. We have already. introduced the nove 
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face. We can expect a the curvature of a surface would 
esu ined by understanding the curvature of the curves on 
cular, as Euler did, one may consider a curve on the 
ich appears ‘straight’ on the surface, i.e. so that the 

‘on experienced while travelling along this curve js 
goceleratio Jar to the surface. These curves describe the distance 
perpendicu aths between points on the surface (at least in a 
mie aa One may think about a person walking along a 
p ae aA the surface of the earth and travelling at constant 
E no acceleration is required (assuming that there is no 
fiction) but of course there is an unnoticed acceleration due to 
gravity which holds the person to the surface of the earth. Because 
of this description such curves are called geodesics. Clearly the 
curvature of geodesics would be directly related to the curvature 
ofthe surface; in fact Meusnier showed that the curvature of other 
curves on the surface can be easily determined once we know the 
curvature of geodesics. 


on th 
pe deter! 
jt In part 
Kace wh 


Each geodesic emanating from a pointp is determined by its 
initial velocity, which is a linear combination of the basic tangent 


vectors, 
Op ox Oy & ox Oz. 
Paid. tb =a(— = 4p uy 
Cu Ou “Cu “Ou Ov Gv Ov 


fix a vector n of unit length that is perpendicular to all these 
vectors. The acceleration experienced on a geodesic alongt is 
eis forsome scalar function k(a,b) of the two parameters 
Kap) SA this vector. The result proved by Euler was that 
ot 2 Mab + Nb?. Normalising (a,b) by the square 
of the vectort we obtain a function of the direction 

traine Te 1 Ps the maximum normalised value of k(a,b) so 
‘Nd let, be 1 poety Let t, be orthogonal to t, so thatt xt =n 
Sie Pe mtised value of k(a,b) in this direction; itcan 
Umberg k * this is the minimum normalised value. The 
14nd k, were called the principal curvatures by Euler. 


tthe length 
lone, Let k 


auss 
(wh 
° was perhaps inspired by astronomy or by the 
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If we have two 
surfaces and an 
identification 
between the two so 
that distances are 
preserved, then the 
curvatures must 
also be the same. 
This is why there 
can never be a 
perfect map of the 
surface of the earth 
or a perfect 
astronomical chart. 
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Even an ant 
crawling along a 
surface (or a 
cartographer in the 
days before aerial 
travel) can 
determine the 
curvature. Hence 
the beauty of a 
surface is skin deep 
and yet is naturally 
associated with it! 


cartographic surveys he was carrying out forth 
er 


ave int Uler | 
8 a new interpretation to Euler’s theo Gem, | 


length of the vector t considered as a P First Consider 
parameters. This has the form g(a,b) = E(u aar Of they i 
2. 90) 0° +. 


G(u,v)b’ and determines distances along pate 2 Fluo) 


hence it is intrinsic. The second fundamental f 
introduced above. The curvature K = BabA a is hap 
° a ` 2 alled ; 
curvature in his honour) is then the ratio of the discri Gausi | 
these two forms is 


~ | 


EN=M? 
EG - F 


KE 


The key results are the following: 


o The Gaussian curvature can be expressed in termsof E f # 
yey 


G and their partial derivatives alone. Hence it is an inini 
invariant. 

e The integral of the Gaussian curvature on a triangle who 
sides are geodesics is 
[(the sum of the angles of the triangle}) - n)x (thea 
of the triangle). 


Hence again it is intrinsic. 


Exercise: What are k, and k, for a cylinder of radiusr? pan , 
challenging exercise the reader is invited to check earten 
A, B, C on the cycle tube pictured in Figure 2 exhibit pos 
zero and negative Gaussian curvature respectively. 

f 
What is new and remarkable here is that the ap 
isan intrinsic invariant. In other words, if we have WO" 
and an identification between the two so th 
preserved, then the curvatures must also pe the same ii 
there can never be a perfect map o i nee A 
perfect astronomical chart—a curved suriac ae 
with a flat one in a manner that pres 


te th 
result of Gauss allows one to compu «eve 
ion of the surface: 


curvature in a small reg 
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crawling along a surface (or a cartographer in the days before 
i serial travel) can determine the curvature. Hence the beauty ofa 
surface is skin deep and yet is naturally associated with it! 


Summary 


While curvature is a property which seems to be emanating out 
ofcurves, these are in fact not intrinsically curved—the curvature 
ofa curve is entirely the result of how the curve lies in space. 
However, the intrinsic curvature of a surface (the Gaussian 
curvature) is a quantity that can be measured without reference 


G . z 
A (0 the ‘outside’. This curvature relates to the sum of angles of a 
the poe | 


tangle which is Closely related to the parallel postulate. 


lnspite of all the 


ae POSitive features of Gaussian curvature it has one 
Jor dra 


itdepen re gaich is that its definition is not HUI ae: 
Surface, AN P oN atur es ai curves Snima in the 
ect an a $ since itis an nerade EEE one should 
Stettanalopue ie se niton Further, it is not Gee vine ees 

eal] arand, Ea ginenon: apon be Gopan in 
Maceta le S eee 3). Historically, itwas philosophically 
tigher q; compute invariants for space by postulating a 
nal universe in which it is contained. It was 


A t mensio 
the insistence of Gauss who produced the 


Ri 
tins n under 
Vi z 
Which we shall study next time. 
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Figure 2 Curvature on a 
plece of cycle tube. (The thick 
lines denote the geodesics 
of extremal curvature.) 


Suggested Reading 


A very good general 
introduction to Dif- 
ferential Geometry can 
be found in the 
following books: 


J Hicks. Notes on 
Differential Geometry. 
Van Nostrand. 1965. 
Spivak. Differential 
Geometry. Vol. II. 
Publish or Perish, 
Berkeley. USA. 1970. 


Kapil H Paranjape, 
Indian Statistical Institute, 
8th Mile, Mysore Road, 


Bangalore 560 059, India. 
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Learning Organic Chemistry 
Through Natural Products 


3. From Molecular and Electronic Structures to Reactiy; pa 
ivi 


Pn 


N R Krishnaswamy 


was initiated into the 


world of natural products 
by T R Seshadri at 
University of Delhi and 
has carried on the glorious 


traditions of his mentor. 


He has taught at Banga- 
lore University, Calicut 
University and 
Sri Sathya Sai Institute of 
Higher Learning. 
Generations of students 
would vouch for the fact 
that he has the uncanny 
ability to present the 
chemistry of natural 
products logically and 
with feeling. 


The most interesting 


chemical aspect of a 
molecule is its 


reactivity pattern. 


N R Krishnaswamy 


| 

| 

In this part of the series, dynamic organic chemist | 
organic reaction mechanisms are illustrated A a 
paratively simple alkaloid papaverine. = 


As mentioned in the introduction to this series, (Resonay, 
Vol.1, No.1, 1996) the structure of a compound is likea miley 
on a highway. What is more interesting, as pointed out by on / 
the giants in organic chemistry, Robert Robinson, is the sw. 
rounding countryside. In other words, it is not enough to kn 
what a molecule looks like in a particular ‘frozen’ posture t 
profile. We need to find out what the molecule can do or bemat 
to do. The most interesting chemical aspect of a moleculeisis 


reactivity pattern. 


A structure is similar to a single photographic exposure n 
subject. It is sufficient for identification but does not i 
convey the complete character and the potential of the subjat™ + 
action and reaction. It is true that an experienced ad a 
character reader may be able to get a great deal of si 

e all-time greats among ot 


student ol 


Robert Robinson was one of th 
vt 7 a 
chemists. This outstanding British chemist was 


; Geman 
Perkin, Jr., who himself was trained by the great vin whit 
ew up a “family tree 


Adolf von Baeyer. Robinson once-dr 
traced his organic chemical training t 
it down to some of his outstanding 5 
Indians: TR Seshadri and K Venkataraman. A p 
of Robinson are Alexander Todd and Arthur Bir 

n organic chemistry text books: 


encountered i 
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Kai ofa single picture, but this is subjective. On the 
dan album of photographs of a single subject taken at 
her hanes es under different circumstances designed to bring 
different < moods can give a more comprehensive idea of the 
Beara r. In terms of molecular structure, what this 
Jlection of structural formulae representing differ- 

gsible conformations. It is also important to include details 
ae the electronic structure of the molecule. One of the 
E -fficient ways to accomplish this is by means of canonical 
(esonance) structures. The latter can be used to identify the 
slectron rich and deficient regions of a molecule. Therefore, the 
information about electronic structure can be used to derive the 
nature of reactivity under different conditions. 


jpforma ti? 


subjec 
means is a CO 


Dynamic organic chemistry and organic reaction mechanisms 
can be profusely and effectively illustrated with examples from 
natural products. In this article, using the comparatively simple 
alkaloid papaverine as an example, the principles governing a few 
common organic reactions are highlighted, bringing out at the 
same time some of the subtle nuances which make them interest- 
ing and ‘colourful?! 


Papaverine (1) is one of the several nitrogenous basic constitu- 
‘ats of opium! which is the dried latex of the unripe fruits of the 
el TE CSA This compound is a (tetramethoxy)-1- 
ee derivanve The compound is a mono tertiary 
and in it readily forms a BOR hydrochloride with HCl 
Pci a mole of methyl iodide to form a quaternary 
Write an pee A F Os the mono hydrochloride (2), one can 
tatbocation ae ogee form (2A) which is a benzylic 
“ample, eo oe it can be attacked by any nucleophile, for 
“reduction OF a pan which em be supplied by a metal. me 
itydro ie Pyeune dy tin and hydrochloric acid gives a 
idine part of w (3) a WINGS the 1, 2-double bond of the 
teducti a € isoquinoline unit has undergone selective 
portant to understand the principle involved in 


“ction, Į 
selecti 
Ve re F ` i 
duction (as illustrated with structure 2A) and to 
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It is not enough to 


know what a molecule 


looks like in a 
particular ‘frozen’ 
posture or profile. We 
need to find out what 


the molecule can do or 


be made to do. 


1 Opium contains a large num- 
ber of alkaloids derived from 
the amino acid phenylalanine. 
The most important among 
these compounds is the nar- 
cotic analgesic morphine 
named after the Greek god of 
sleep, Morpheus. Robinson 
also called it a chemical 
Proteus, after another Greek 
god who could change his form, 
asthe compound is susceptible 
to rearrangement. 
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compare this reaction with catalytic hydro 


Benati : j 
case, would not have been selective a Which iny | 
: ù 
? The amino group of an enam- The resulting dihydro compound, being an | 5 
ine, lik ide, i i enami f 
le, like that of an amide, is undergoes protonation, not on the nitro TUDE thy / 
either weakly basic or non- Mask hownlinSch 1. Thisi Ben atom, butat pg | 
; ow cheme 1. | 
basic due to interaction ‘ ae 18 18 a consequence of the conjy i | 
between the orbital containing Petween the lone pair of electrons on the nitrogen ato TURatiog | 
the lone pair and the x* orbital double bond, and is similar to what one finds mandy | 


of the neighbouring double pyrrole. The result is the formation of an iminium į | 
bond. This makes the non- — Which one can write a carbocationi vate 
bonding electron pair less i onic canonical form (4A), Th 
available forinteractionwithan latter then undergoes an intramolecular cyclization to ae 
extraneous acid. An extreme tetracyclic compound, known as pavine (5). As can vee i 
case is pyrrole in which this type in 
of conjugation results in the 
generation ofaromatic character 
Which signifies molecular stabil- 
ity of a high order. 


ina Compound lit | 


the structural formulae, for this reaction to occur, the intem | | 


Scheme 1 Transformation 
of Papaverine to Pavine. 
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SERIES | ARTICLE 


= tion should be in the appropriate conformation, in 

at i ate carboca ide dimethoxyphenyl group can ‘see’ the reactive 
| hich the S$ ategic angle and supply the electron pair needed 
| "centre from 4 A of the new bond. The non-planar conformation 

thy y Dee reduced pyridine ring ensures proximity of the 

OSitog | of the ae which thus come within bonding distance. 

Ugat | reactiv! 

a | theabove example of a one pot reaction brings to light more than 


(Ah. one fundamental panacipie ES the Ta of ie 
A). The | reactions. The reaction a De 2 assifie = = in z z x 
yidda) Friedel-Crafts alkylation’ which i an e: : ectrop a r a - 
enfo | stitution reaction. The benzene ring which undergoes the ‘a Eye 
emd | ation’ is activated by one of the two sees), groups which 
— | ensa +M effect. The nitrogen containing ring loses its pla- 
j narity when it undergoes reduction and this has the effect of 
raising the benzyl group at position 1 (i.e., the benzyl group can 
now occupy a pseudo-axial position). The carbon marked with an 
asterisk in structure 4A can now come close to carbon 3 of the 


original isoquinoline unit. As in archery, so also in organic 
reactions, the trajectory of the attacking group is crucial. With 
the help of framework models, students should understand and 
appreciate this ‘steric’ aspect of organic reactions. Two-dimen- 
sional projectional formulae are inadequate for this purpose. 


3 While the nitro 


gen atom is the chief basic centre in papaverine, 
th 


© oxygen atoms of the four methoxyl groups, with their lone 
tlectron Pairs, can also serve as Lewis bases. Thus, they can also 
t protonated With a strong acid. When heated with hydriodic 
"id; compound] undergoes demethylation to yield 6as the final 
Bs ace (See Scheme 2). The methyl iodide generated in this 
"action can be estimated after conversion into silver iodide. The 


leis 3 S 
a 3 Stimation of methoxyl groups is based on this principle 
action. 


YY 
js 


vin? 


toh the 
aS it OCcurs in a ste 
thylation ofth 


transformation in Scheme 2 is shown as a single 
P-wise manner. Interestingly, de- 
€ four methoxyl units does not follow a random 
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3 The Friedel-Crafts alkylation 
reaction is one of the aromatic 
electrophilic reactions which 
find wide application in 
Preparative organic chemistry 
{and industrial chemistry). The 
reaction is usually catalysed by 
a Lewis acid and the alkylating 
agent can be an alcohol, an al- 
dehyde or an alkyl halide. In 
each case the reagent reacts 
with the Lewis acid to generate 
a carbocation which is the ef- 
fective electrophile. 
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Scheme 2- Demethylation sequence. This is because the four groups are notequallybasel | 
of Papaverine. other words, they do not undergo protonation with equal as { 
The differences between them are revealed with the help Bi ` 
weaker acid and under less vigorous conditions. The resulti 
selective demethylation since demethylationis precededbyp® vi 
nation. For instance, by heating with ag. HCI, papaverine 
demethylated to a dihydroxy compound (7) wh 
oline uni 
more vigorous conditions, the methoxyl grouP at postë 
undergoes demethylation. The oxygen atom of 


g e10 } 
z 7 an A pasic® h ji 
which survives at position 6 is, therefore; the least 


ee din 
The above reactivity pattern can be unden ga ; 
electronic structure of the molecule. The er 
i different extent = igh 
methoxy! group comes into play to ® Sth cee 
at position 6 is in direct conjugation, T 


CC-0. In Publi 


igitized by Arya Samaj Foundation Chennai and eGang 
SERIES | ARTICLE 


ee 


,, with the protonated nitrogen of the pyridine ring (see 
¢ 2). In contrast, the methoxyl group at position 

. gan onjugation with the protonated nitrogen, but the 
i A 7 is not — effect of the isoquinolinium unit certainly 
f T electron wi T ompared to the two methoxyl groups on the 
poner y ees unit. These two methoxyl groups are ‘insula- 


xybe 
an trogen, and are therefore free to 
F red’ from the protonated nitrogen, 
a ‘ 


f 


ith an extraneous proton (i.e., they are more basic than 
react W 


he other two methoxyls). 


r $ . 
i ether example which reveals the subtle differences between 


"differently located methoxyl groups is compound 9, the trimethyl 
| ether of wedelolactone* 10. Like papaverine, this compound also 
| “has four methoxyl groups. But unlike papaverine, it is non- 
1 “nitrogenous and is notan alkaloid. However, its behavior towards 


1 xidic demethylating agents is similar. In this case also selective 
y demethylation under controlled conditions gives a product which 
| retains two of the methoxyl groups to produce 11. Under more 
| vigorous conditions a third one is lost and the product is 


| wedelolactone as shown in Scheme 3. 
if 
i 


In this case, the different methoxyl groups are differentiated by 
i | the presence of the carbonyl group of the lactone, which, like the 
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^ Wedelolactone was first iso- 
lated by T R Govindachari and 
his co-workers from the Indian 
medicinal plant, Wedelia 
calendualacea whichis known 
as Bhringa raj in Sanskrit. The 
leaves of this plant are tradi- 
tionally used for the treatment 
of jaundice and other liver dis- 
orders. Like TR Seshadri and K 
Venkataraman, TR Govinda- 

chari has also made significant 

contributions to the chemistry 

of natural products. He had his 

initial training from the Ameri- 

can chemist Roger Adams. 


Intramolecular 
hydrogen-bonding 
can significantly 
influence ground- 
state properties as 
well as reactivities of 
organic compounds. 


Scheme 3 Demethylation 
of wedelolactone. 
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What matters is not 
the label but the 
fundamental forces 
responsible for the 
building and 
demolition of 
molecules! 


Address for correspondence 
N R Krishnaswamy, 
Visiting Professor, 
NMKRV College for Women 
with PG Centre, 
Jayanagar Ill Block, 
Bangalore 560011, India. 
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iee Albert Einstein... who refused to believe that "God plays dice 
7X Sm ar 
[A] with the world" writing to Niels Bohr in 1924 said; "I cannot be 
ts own 


the thought that an electron expos 
free decision choose the moment a 
jump away. if so, I’d rather 


wants to oe 
n a gambling house than a physicist - 


employee i 


protonated nitrogen of papaverine is elec 
methoxyls at positions 5 and 7 are in direct ae 
carbonyl group and, therefore, are not wie 
dergo protonation at the rate necessary for aa 
mild conditions. On the other hand, the other tw 

not in direct conjugation with the lacton J methoryls ae | 


: f € carbon 
protonation and demethylation occur readily at the Vl. Hen 
SE Dositig 
ns, 


: and7 a) 
the former is favored. This is because of the passita a | 
ola 


hydrogen bond with the neighbouring oxide bridge oo 
stabilising interaction is present in the phenol Pi | 
reaction (10). Intramolecular hydrogen-bonding can anne a 
influence ground-state properties as well as reactivitiesof se 
compounds. 


attracting 
gation With we: 

tly basic i i | 
methylation tug, ; 


he | 


Between the methoxyl groups at positions 5 


{ 
Taken together as a complementary pair, papaverine and tr-0. 
methylwedelolactone bring out the subtle relationships between 
the structural parameters and the mechanism of acid-catalysed 
dealkylations of phenolic ethers. When studied this way one can 
clearly perceive the few controlling principles which govern te 
behavior of organic molecules, whether synthetic or natural, and 
irrespective of whether a compound is an alkaloid or a flavonoid 
ora terpenoid. What matters is not the label but the fundamenti 
forces responsible for the building and demolition of molec 
It is like looking into a kaleidoscope which, with each shake" 3 
a different pattern with the same number of glass pieces 


ed to ray should byi 
which it 


yen an 


nd the direction in 


be a cobbler or € 
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a . . 
ie River Piracy 
th thi Saraswati that Disappeared 
E eeo e 
Vader K S Valdi 
she | aldiya 
ence | 
itions, | iver Saraswati, which flowed 
; : Be iegen dary rive a from the KS Valdiya 
lonar | Himalaya and emptied finally into the Gulf of Kachchh, has is at Jawaharlal Nehru 
Strong | vanished. Tectonic movements change river courses, behead Centre for Advanced 
€ same | streams and sometimes even make large rivers such as the Scientific Research, 
i Í N B lore. 
a | Saraswati disappear. nae 
rganic | Mighty River of Vedic Time 
4 There was this highly venerated river Saraswati flowing through 
| ti-0- Haryana, Marwar and Bahawalpur in Uttarapath and emptying 
tweet} itself in the Gulf of Kachchh, which has been described in glowing 
taled | terms by the Rigveda. “Breaking through the mountain barrier”, 
os this “swift-flowing tempestuous river surpasses in majesty and 
Br might all other rivers” of the land of the pre-Mahabharat Vedic 
2) ~ 
d X 
vis — Channel in Vedic time 
amental I} os) 
— Present channel SQ] ot? 
ecules task? oF i 
NR wo : oy 
kepis 5 2 p : noi Vi asa (BS 
J ES (ines > spatii 
I L sA n NEF pomni kailās 
LA i ‘ 
i BAN)! A 
ot R PShatrana ro Z 
ad ot! “aS 
sY 5 ‘8 
sats Loo rer Cum an (3 ig Figure 1 (bottom left) 
ig Delhi *\2 \3 5 Legendary Saraswati of the 
f ee MAES Q Vedic times was formed by 
‘ salmer uae l athura joining together of the 
} se! > Shatadru (Satluj) and what 
} Je Barmer ax is today known as the | 
cf 2 ve <$ Yamuna. The Aravali was 
Ri aes FS 6 S th 
SSS AS not a highland but a thickly 
LNE, = : i Allahabad forested terrain sloping 
= m t 


southwestwards. 
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Figure 2 (bottom) Satel- 
lite picture of the Haryana- 
Punjab region, showing the 
disproportionately wide 
channels (with little or no 


water) abandoned by big 
rivers which have migrated 
to the east or west. 


Figure 3(A) (left): Main 
confluent of the Saraswati, 
what is today called the Tons 
branch of the Yamuna, 
springs from the Har-ki- 
Dun glacier. (B) (right): 
Source of the other confluent 
of the Saraswati, the Satluj, 
lies beyond the Indo-Tibetan 
border range. 


period. More than 1200 settlements, includin 
towns of the Harappan culture (4600 to 4100 y 
- BP) and ashrams ofrishis (sages) lay on the banks of 
of the Vedic time. 


8 many Pro 


Sper 
cars Before pr i 


r t 
this life-line 


Where has that great river gone? It is today represe 
5 ; ; nte 
disproportionately wide and astonishingly water- 


less 
channels of Ghaggar in Haryana and Marwar, » Sand-filleg 


Hakrain adjoining 


d bythe | 


Bahawalpur, and Nara in Sindh (Figure 1). These channels, whi h | 
3 wici 


discharge only floodwaters, are quite apparent in the satelli 
imageries (Figure 2). ý 


The legendary Saraswati was indeed a great river which rose in 


the Bandarpunch massif of the Great Himalaya in western Garhwl | 


(Figure 3A), flowed southwestward through a channel pat 
Adibadri, Bhavanipur and Balchhapur in the foothills, and met 
the Shatadru or Satluj (which then veered towards the southeast) 
The Shatadru came from the region of Mount Kailas in 
southwestern Tibet (Figure 3B). The ancient Saraswati was thus 
formed by the confluence of what are today the Yamuna and 
Satluj rivers flowing in entirely different directions ( Figure!) 
The two joined at Shatrana, 25 km south of Patiala, and flowed 
through a 6 to 8 km wide channel (Figure 4) known today as the 
Ghaggar. Obviously, a large volume of water flowed down ti 
Ghaggar channel. Even today the combined discharg 
Yamuna and Satlujis of the order of 2900 million cubic metrespe 
year. It must have been many times more in those days. 


e of the 7 


tellite | 


Ose In 
arhwal | 
l past | 
1d met 
heast). | 
las in 
as thus 


1a and 


rure 1), 
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The Ghaggar is known as Hakra in northwestern Marwar and 
Bahawalpur (Pakistan) and as Nara in Sindh, before it discharges 
into the Gulf of Kachchh. Drishadwati - now a dry channel called 
Chautang - joined the Saraswati near Sirsa from the east (Figure 1). 
It was at Kurukshetra in Manu’s Brahmavarta between the 
Saraswati and the Drishadwati where the epic battles of 
Mahabharat were fought in the post-Vedic period. 


Wetter Period in Marwar 


Y 


ana jasthan - including the Thar tract - was a wetter region 
wetness ers SEO: Periods of dryness alternated with aa 
e sedime his is testified by pollen grains buried and trapped in 
cmolumi,, of the Lunkaransar and Didwana lakes and by 
ataswati ee of samce in dunes and floodplains. The 
R as tributaries held sway in the northern part, and 
Petennial l NR (Luni) had an organized drainage network of 
ams in the southern part. It was in this well-watered, 
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Figure 4 Dry channels of 
the Ghaggar and its 
tributaries seem to have 
been the former courses of 
the confluents of the 
Saraswati. (Based on 
Yashpal et al, 1980). 


it was at 
Kurukshetra in 
Manu's 
Brahmavarta 
between the 
Saraswati and the 
Drishadwati 
where the epic 
battles of 
Mahabharat were © 
fought 
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Figure 5 Site of settle- presumably fertile and congenial land of the Saraswati, 
ments a the stone-age Drishadwati and Luni that the stone — age people established 
people in the Palaeolithicto Heir settlements (Figure 5), and developed their Palaeolithic, 


Neolithic period (Based on Mesolithi d Microlithi l 
V N Misra 1995 and other esolithic an icrolithic cultures. 


sources). | 
From 10,000 to 3,500 years BP, the climate was quite wet the 


| 
rainfall being almost three times what itis now (Figure 6). Tiss | | 
indicated by the analysis of pollen (dominated by those ofSyzyguh | 


Stone —age Pinus and Astemisia). Cutigens in pollens and fragments - | 
settlements evolved charcoal of stubbles imply that these people had nee | 
and developed their agriculture - 9,400 years BP in the area of the Lunkaransal | 

Palaeolithic, 8,000 years BP in the Sambhar lake tract. 
esolithic and lut 
DR cultures in More than 75% of the 1,600 settlements of ta pnta yal | 
the well-watered, have been found in the valley of the Saraswati, E : ae | | 
presumably fertile and and Kalibangan in the Ghaggar valley and ee: : the | 
the Hakra valley. The Harappan civilization, vet yl 


congenial land of the 
Saraswati, 


Drishadwati and Luni. 


ead 0 . 
period 4,600-4500 to 4,200-4,100 years BP, W3 Pe ones 


13 lakh square kilometre area, stretching 1° 
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~~ 
~ Lunkaransar Didwana 
| At present At present 
| Rainfall (cm) 
| 20 s 109 120 140 
\ \ INN N 7 \ 
; Mss RRA RAN 
/ RIAN RRR AN 
m | | RRQ Ws y SY 
| 2000 MQQu YY MAS 
| 
| 
a | 4000 
| a 
| ed j 
Use } > z = 
| 8000 -SS 
= | 
=| | 
—| 
10,000 TIONS OY 
= ; ISN MY ~ 
the west, through Mohenjodaro in the westnorthwest, Roparin Figure 6 Analyses of pol- 


the north, Alamgir in the east, Sutkotri in the south to Lothal, /en buried with sediments 
Rangpur, Rojri and Dhaulavira in the southwest (Figures 5 and 7). in the Lunkaransar and 


swati, | The older H. i trated in the] Res oe Didwana lakes indicate — 
€ colder Harappan sites are concentrated in the lower reaches o according to Gurdip Singh 
is 


the Saraswati, while later Harappan settlements nestle in its upper 


and his colleagues (1974) 
lithio | teaches - in the Siwalik domain. There seems to have been — thatinthe period 10,000 
'pstteam migration around 3,700 years BP, presumably prompted to 3.500 years BP Western 
bya decline in the river discharge. Why was there a reduction in Rajasthan used to have at 
eu iheriver discharge? Perhaps the climate had worsened, as indicated least three times the rainfall 
This > bythelake waters turning saline around 3,700 years BP (borne out that i hastada 
yeu | by overwhelming appearance of halphytes among the aquatic 
m fora of the lakes). Or, Perhaps the Saraswati had been robbed of 
cen | ts Water. 
arand 
Ganga Stole Away Saraswati’s Water 
ule "tonic Movements overtook the northern part of the Indian 


awal Ubeon tj : A i 
ae for th nent, and the Aravali started slowly rising . The evidence 


e a Ep : 
oi | Mie rise or uplift of the Aravali Range is quite 
aa “ep = be Western flank delimited by faults is marked by very 
j i BM 
i A tle = zi t scarps. The gently west-flowing streams draining 


mature terrain of Mewar either descend suddenly in 
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Figure 7 Major settle- 
ments of the Harappan 
period (A H Dani and B K 


Thapar). 
ine ji 
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waterfalls, or flow through deep gorges and ravines in ae 
flank of the range. These streams are characterized by ae 
meanders and incised channels, and show developmen ie 
The Ganga had terraces on their banks before abruptly swerving across 


robbed the faults. 
Saraswati of the 
major portion of its 
water through the 
agency of a branch 
of its tributary, the 


Chambal. the terrain. Consequently a branch of th 


The Saraswati was forced to shift its cours 
eastward. The Chautang channel (Figu 
the course abandoned by the eastwar 
Uplift of the Aravali domain accentuated 


e- 


. rêl 4 
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Figure 8 A south-flowing 
branch of the Chambal, 
(the southwestern tributary 
of the Ganga) cut its 
channel headwards and 
captured the water of the 
then south-west flowing 
Saraswati. The new 
channel, through which the 
diverted water flowed, was 
later named Yamuna. Map 
shows the drainage pattern 
after this river piracy — 
after the Saraswati was 
robbed of its water by the 
Ganga through the agency 
of its tributary. 


fS 


Abandoned Channel r] 
l 0 


Pirated 
Saraswati 


Newly born Yamuna R. 


renche! | CUtting its course northw: 
uplift channel deeper than that 
pesci | headed the Saraswati. 

araswatj Tushed into this 


ards by headward erosion. It cut the 
of the Saraswati (Figure 8), and thus Deprived of the 
During rains, the floodwater of the snow-fed waters of 


$ new channel (later to be called Yamuna) the Yamuna and 
a “inating in the capture of the Saraswati by the Chambal, the the Satluj, the 
resi a thwester n tributary of the Ganga. This wasa case of river piracy, Saraswati was 
ree aa from accelerated headward erosion, which in turn was reduced to a puny 
ae 3 Pted by tectonic uplift of the terrain. Thus the Ganga had river, left with the 
o e the Saraswati of the major portion of its water through the streams rising in the 
gs Yofa branch of its tributary, the Chambal ( Figure 8). Siwalik domain. 
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The Satluj joined 
the Sindhu, and the 
Saraswati was left 
high and dry, 
having being 
betrayed once 
again. 


Figure 9 Great betrayal. 
Later when the Aravali rose, 
and as the land to the west 
sank, the Satluj changed its 
course abruptly, making a 


sharp U-turn at Ropar. 


The reduced flow in the Saraswati, coupled with 

climatic conditions over western Rajasth the Onset of 
$ ) an, forced th dy 
to migrate upstream and settle down in the f © Harappa, 
Siwalik domains. This must have happened shou ane Of the | 
The Markandeya and the Varaha Purangs a 00 years pp FA 
US that the | 
me, Sage Many | 
t Vinasan, Dey | 
P. ; the river in yy | 
arva of the Mahabharat, and also in the Siddhant Shi “| 
romani, | 


f 


Saraswati was in decline during the Mahabharat ti 
states that the Saraswati vanished in the sand a 
Sirsa. There is allusion to the disappearance of 


Great Betrayal 


The Aravali panna to rise. The newly formed Yamuna wa | 
forced to migrate progressively eastward. Satellite imageris | 
show that it has migrated 10 to 40 km (in different segment) / 
since the time of Lord Krishna, who was born in a prison onthe 
bank of the Yamuna. The Satluj likewise moved westward, 
abandoning its older channels successively. Dry channels sucha 
Wah, Naiwal and Sarhind bear testimony to the progressive 
westward shifting of the Satluj. Finally it got deflected, possibly 
as a result of paroxysmal uplift of the Aravali domain and 
concomitant subsidence of the land to the west. This is obvious 
from the spectacular U-turn of the Satluj at Ropar (Figure 9). Th 
Satluj joined the Sindhu, and the Saraswati was left high and ry 


Saraswati was betrayed once again. if 


See . inued to lor 
However, some water of this Himalayan river continu 


there 
into the Hakra-Nara channel until about 1245 AD, wie 
e out of the region: 


peni 


was a great migration of the desert peopl 
r in 1593 AD," 


Satluj finally ceased to contribute wate 
changed its course finally and decisively. 

gat! 
Deprived of the waters of the two snow-fed rivers a w| 
Satluj), the Saraswati was reduced to a puny ete: iin’ 
waters of the petty streams rising in the siea ood ae 
Ghaggar, Dangri, Markanda, Sarsuti ete- O a sort 
flowed down thelarge channel that wasonce thems 
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Rivers Named Yamyna 


saraswati of the Vedic period was beheaded 
is robbed of its water by a branch of the 
3 mbal, a tributary of the Ganga. The channel 
champ 


rough which the stolen water flowed is known 
thro 


as Yamuna. 


skining the Meghalaya massif the Brahmaputra 
used to flow east through Mymensingh in 
Bangladesh to meet Meghana. Then the Barind 


terrain started rising between 1720 and 1830 
A.D; and the Brahmapuira was attracted towards 
the Ganga. Abandoning ifs old course and the 
Meghana, the Brahmaputra joined the Ganga, west 
of Dhaka. The new pirate river is called Yamuna. 


Between the Meghalaya and Mikir hills in Assam 
flows Kapili, merging with Brahmapuira south- 
west of Naugaon. A branch of the neighbouring 
Dhanshree captured its headwaters. The new 
channel is named Yamuna. 


Figure 10 In Assam and Bangladesh, as in 
Haryana - UP, the channel through which river 
piracy occurred, is named Yamuna. 


Vestern Rajasthan 
Toving sands. 


gradually turned into a parched land of 


Wa k 
aaa only the Satluj that was moving westwards. Indeed all 
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TSofthe Sindhu System — including the Asikni(Chenab), 
a (Beas) and the Sindhu itself have been shifting 
Lines I Y. The Sindhu migrated 160 km westwards in historical 

“appears that the u 


plift or rise and subsidence or sinking 
stound 


resulting from crustal movements causes changes 
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The Saraswati is no in the courses of rivers, the beheading of st 
. Tea 


more. But the their waters, and the disappearance of riven ms, the Pitay 
i ; . Pe ome i 
anastomosin s eve | 
g as the River Saraswati. This is the effect of the continuins 88 pre | 


network of dry 
channels which lose 
themselves in the 
desert sands, tells 


subsidence of the belt adjoining the Pakistani mou È tecto | 
ntain fron, 
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The Saraswati is no more. But the anastomosing n 
etw 


channels which lose themselves in the desert onan a Of dy 
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us of the river that river that was great, and of the human history which ISus oft, | 
| Was glorion | 
| was great, and of The network of canals across several states impli et 
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| the human history 
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Chaos Modelling with Computers 


Unpredictable Behaviour of Deterministic Systems 


o A ae 


Balakrishnan Ramasamy and T § K V Iyer 


naos is a type of complicated behaviour found in non- 
A dynamical systems. Computers are playing an 
in 


important role in the growth of this science. 
i 


Chaos is one of the major scientific discoveries of our times. In 
fact many scientists rank it along with relativity and quantum 
mechanics as one of the three major scientific revolutions of this 
century. Chaos is a science of everyday things: it has been 
implicated in areas ranging from heart failure, meteorology, 
economic modelling, population biology to chemical reactions, 
neural networks, fluid turbulence and more speculatively even 
manic-depressive behaviour. Italso seems to occur everywhere — 
in rising columns of cigarette smoke, in fluttering flags, in 
dripping faucets, in traffic jams and so on. Computers have 
playeda major role in the discovery and subsequent developments 
in this field. The computer is to chaos what cloud chambers and 
particle accelerators are to particle-physics. Numbers and functions 
are chaos’ mesons and quarks. In this article we provide an 


_ introduction to chaos and the role that computers play in this field. 


Chaos and Dynamical Systems 


The laws of science aim 
Making Predictions poss 
ĉtavitation, 
advance. Bu 
Predictable 
Weather, th 
e 

“amples o 
Precise Pre 


at relating cause and effect and thereby 
ible. For example, based on the laws of 
eclipses can be predicted thousands of years in 
t there are other natural phenomena that are not 
though they obey the same laws of physics. The 
e flow of a mountain stream, the roll of a dice are 
f such phenomena. It was believed until recently that 
dictability can in principle be achieved, by gathering 


Procesgi $ 
SSing sufficient amount of information. 
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Simple deterministic 
systems can 
generate random 
like behaviour. The 
randomness is 
fundamental; 
gathering more 
information will not 
make it go away. 
Randomness 
generated in this 
way has come to be 
called chaos. 


The property of 
sensitive dependence 
on initial conditions 


j 
i 
il 
| t 
) | is one of the 


characteristics of 


chaos. 


Such a viewpoint has been altered by a striking di 
Re rare SC i 
deterministic systems can generate random like } Overy: g 
e 


Mle 
. | 
randomness is fundamental; gathering more info | 


haviour 


rmation w: 
make it go away. Randomness generated in this 2 ba 
iC) 


be called chaos. 


The discovery of chaos has created a new Paradigm in gj 
Scientific 


thinking. On the one hand it places fundamental limits 
On the 


ability to make predictions. On the other hand, the determini 
inherent in chaos implies that many random phen Ra 
more predictable than had been thought. Chaos allows usto a 
order amidst disorder. The result is a revolution affecting many 


different branches of science. 


Chaos has put an end to the Laplacian fantasy of mechanistic 
determinism. Laplace once boasted that “The present state ofthe 
system of nature is evidently a consequence of what it was in the 
preceding moment, and if we conceive of an intelligence which 
at a given instant comprehends all the relations of the entities of 
this universe, it could state the respective positions, motions, and 
general affects of all these entities at any time in the pasto 
future.” But according to chaos, even if we were able to write 
down the equations governing every particlein the universe, iw 
knew the state of the system at any point of time aly 
approximately, we cannot predict the behaviour of the system! 
the long term because the small errors inherent in ee 
amplify very fast, thus making prediction impossible af 
ae an ions is one? 
property of sensitive dependence on initial conditions 
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~~ 


characteristics of chaos. 


dyna 
context of the theory oi tht 


Chaos emerges from the larger i 
us 


systems. A dynamical system is one that allows Ewon 
future given the past. À dynamical system is made B s wn) 
the notion of a phase (the essential information 2° sit 
and a dynamic (a rule that describes how the S% dina? 


: yisua 
time). The evolution of the system can be 
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velocity 


ace an abstractconstruct whose coordinates are the components 
space, 


of the state. 


The simple pendulum is a good example of a dynamical system. 
The position and velocity are all that are needed to determine the 
motion ofa pendulum. The phase is thus a point ina plane, whose 
coordinates are position and velocity. Newton’s laws provide the 
dynamic (or rule), that describes how the phase evolves. As the 
pendulum swings the phase moves along an orbit ina plane. For 
an undamped pendulum the orbit is a loop whereas for a damped 


pendulum the orbit spirals to a point called the fixed point as the 
pendulum comes to rest. 


The example of a pendulum also introduces us to the concept of 
inatractor. An attractor is a finite region in phase space, to which 
the system settles down in the long run. For example the fixed 
point is an attractor for a simple damped pendulum (Figure 1a). 
Itcan be thought of as attracting all the nearby points to itself. 
Another type of attractor could be found in the behaviour of a 
ae clock. Since the energy lost due to friction is balanced 
ca Input to the pen the pendulum execute periodic 
Mespectiy £ na space portrait of a pendulum clock is a cycle. 
e ç how the pendulum is set swinging, it approaches 
limir y S in the long-term limit . Such attractors are ae 

chas fixed HO MD, Systems whose attractors are classical 
ee and a cycles, have the property a pral 
Trors remain bounded and long term behaviour is 


a = 
N 
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Figure 1 (left) Phase space 
portrait for a simple damped 
pendulum has a fixed point 
attractor; (right) phase 
Space portrait for a 
pendulum clock shows a 
limit cycle. Any arbitrary 
initial condition (repre- 
sented by the dots) is 
attracted to the limit cycle. 


' Most systems settle down in 
the long run to a fixed point or a 
limit cycle. These classical 
attractors remain bounded in 
spite of small variations in 
initial conditions. 


Digitized by Arya Samaja Chapaiene eGangotri 


Fractals : A Geometry of Nature 


“Clouds are not spheres; mountains are not cones; 
coastlines are not circles and bark is not smooth, 
nor does lightning travel in a straight line”, Benoit 
B Mandelbrot, the discoverer of fractals is fond of 
saying. Traditional Euclidean geometry is 
insufficient in describing natural objects such as 
clouds, mountains, coastlines, etc. To explain 
such natural shapes Mandelbrot invented fractal 
geometry.Fractals have the property of self- 
similarity, i.e. parts of the fractal object resemble 
the whole across all scales of magnification. In 
other words fractals display symmetry across 
scales. Fractals provide the mathematics 
necessary to describe the phase space portrait 
of chaotic systems. In general, fractal objects 
have a fractional dimension unlike traditional 
Euclidean 
shapes 
whose 
dimen- 
sion is an 
integer. 
However, 
there are 
except- 


ions. The 
well-known Mandelbrot set has a fractal boundary 
with a fractal dimension equal to 2, the dimensions 
ofan Euclidean plane. Interestingly this important 
fact was established only recently, in 1991, by 
Mitsuhiro Shishikura. Another fractal object which 
has a fractal dimension of 2 is the so called 
ed Web’. This is a three dimensional object 


‘Skew obje 
ch is an analogue of the famous Sierpinski's 


whi 


Gasket. In this context it may also þ 
e 
that the network of blood Vessels js 
fractal but is said to hay 
e a fractal di 
Imension 


equal to 2. (Refer articles by lan Stewart ai 
Suggested Reading). aNen in 


| 
Mentioneg | 
Not Only a | 


sea) ais a if a example ofa fractal, The 
is constructed as foll i 
taken and is divided into ce tee e 
5 - Ine middle 
one-third of the line segment is replaced by two 
line segments as shown in Step 2 of the figure, 
The above operation is now performed on the 
four line segments (Step 3). This processis carried 
on ad-infinitum. At the end of the process we get 
a fractal object called the Koch curve. The Koch 
curve has a dimension of 1.261... This is because 
the Koch curve is neither a line (dimension 1) nor 
a plane (dimension 2), but something in-between. 
It can be observed that the Koch curve is sell- 


similar. 
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d Lorenz, 4 meteorologist at MIT first 
gdwar d chaos in the early 60's. Lorenz wrote 
ee equations that modelled the earth’s 
a ean simulated its behaviour on his Royal 
we 


macBee computer. His computer spewed out a 
a 


series of numbers, which represented various 
weather parameters of his model. One day 
wanting to examine a sequence at greater length, 
he took a short cut. Instead of starting the whole 
run again, he started mid-way through, by typing 
inthe numbers from an earlier printout. When he 
examined the results, he discovered that his new 


weather patterns were diverging very rapidly 


The Discovery Of Chaos 


from the patterns of the last run. Lorenz found out 
that the problem lay in the numbers he had 
typed. In the computer's memory, six decimal 
places were stored whereas only three appeared 
on the printout. An error of one part in a 
thousand had changed his weather patterns 
drastically. Lorenz called his discovery “the 
butterfly effect” - the notion that a butterfly 
flapping its wings in Bombay will set off a 
tornado in Japan a week later. Technically, the 
butterfly effect is called sensitive dependence 
on initial conditions, which is one of the 
hallmarks of chaos. 


The advent of chaos introduces us to a new type of attractor - a 
strange attractor or a chaotic attractor. Geometrically a strange 
attractor is a fractal (see box on fractals), i.e. it reveals more detail 
as it is increasingly magnified. In strange attractors, arbitrarily 
nearby orbits diverge exponentially fast and so stay together for 
only a short time. Strange attractors (and hence chaos) are found 
in certain non-linear dynamical systems. Non-linear systems, 
unlike their linear counterparts, do not haveclosed form solutions. 
Hence one has to numerically simulate the behaviour of the non- 
linear system, Therefore, it is not surprising that the growth in 
thefield of chaos has occurred hand-in-hand with the widespread 
Wailability of computing power. 


The advent of chaos 
a original discovery of chaos, by meteorologist, E N Lorenz, introduces us to a 
z box on discovery of chaos) in the following set of differential new type of attractor 
Nations, is a good example of the role that computers play in -a strange attractor 
oe or a chaotic attractor. 
dx/dt = 10y -10x Geometrically a 
dyidt = -sz +28x —y (1) strange attractor is a 
delde = xy — (8/3) fractal . 
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Figure 2 Trajectory of the 
Lorenz attractor in the x-z 
axis, obtained by plotting 
equations (1). 


Non-linear systems, 
unlike their linear 
counterparts, do not 
have closed form 
solutions. Hence one 
has to numerically 
simulate the 
behaviour of the 
non-linear system. 
Therefore, it is not 
surprising that the 
growth in the field of 
chaos has occurred 
hand-in-hand with 
the widespread 
availability of 


computing power. 


The trajectory of this system of equations Proje 
plane, is called the Lorenz attractor, (Figure aa OD the he 
Gleick and Gulick discuss this attractor in nea book 

T detail, 


Simplicity and Universality in Transition t 
0 Chaos 


Chaos occurs even in the most deceptively simple syst 
example, it was observed that the following equation a 

logistic equation (see Robert May's article in Nature) cen the 
essence of Lorenz’s system of equations. eiti 


ms. For 


Xa -+1 =p. x, (1-x,) 
where 0 <x, <1 and 1< p< 4. 


(2) 


The above equation is also a dynamical system, but the evolution 
of the system is in discrete time instead of continuous time, An 
initial value for x, is chosen and is called x9. Equation (2) then 
gives us the value of x, . This simple calculation is repeated 
endlessly, feeding the output of one calculation as input for the 
next. (In computer parlance this process is called iteration.) In 
analysing the equation we are interested in finding out the 
behaviour of x, as n >. In actual practice, we observe the 
behaviour of x, after a few thousand iterations (to allow the 


transients to die down). 


When the parameter 4 is less than three, for any initial condition 
(i.e. the value of x, ) between 1 and 3, the value of x, ong 
to a fixed point or steady state (Figure 3a). As the value of 
parameter u is increased beyond three, the limit value N 
oscillates between two values. For example, for a yess: 
the value of x, keeps oscillating between the values a z 
0.5130. The system is said to have a period of (Yi, 
evolution of a period two system is depicted in x ; io bat 
Figure 3b. At the parameter value of 3, the system ehari” 
undergone a period-doubling bifurcation, because 18 
changes from steady state to that of period tW0: 
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FIXED POINT 


(a) PERIOD TWO 


(c) PERIOD FOUR 


successive period doublings. Period two gives way to period four, 
which gives way to period eight and so on. The behaviour of the 
system as the parameter ys is increased is shown in Figure 4, 
generated by the computer. Along the x-axis, the u value in- 
creases from 2.5 to4. The y-axis represents the long-term behaviour 
of the system — i.e. the value that x, settles down to finally. It 
can be seen that the bifurcations occur faster and faster and 
suddenly break off. Beyond 3.57, the periodicity of the system 


atall. In the midst of this complexity, stable cycles of periods such 
483 or 7, suddenly return (called periodic windows), only to break 
“once again into chaos. In fact there is an interesting theorem, 
a that in any one-dimensional system, if for some 
stem i value, the system has a period of three, then the same 

T some other parameters) will also display periods of all 


ery 
alues, as wel] as completely chaotic behaviour. 


there 
iehy od doubling cascade is one of the standard routes 


Os. : x 
cb Tt occurs in many non-linear systems that depict 
Yste haviour, For example, in the following dynamical 


i Period-doubling cascades occur before the system 
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Figure 3 Behaviour of x, 
=u x, (I-x,) for various q 
values. The graph shows 
values of x, lalong the y 
axis) plotted against 
increasing values of x, In 
the x axis. (a) when 4 
ranges between 1 and 3. 
(b)when u ranges between 
3 and 3.44 (approx) ({c} 
when u ranges between 
3.44 (approx.) and 3.54 
(approx.) (d)graph for 
chaotic regime. 


Chaos occurs even 
in the most 
deceptively simple 
systems. 


Figure 4 Bifurcation dia- 
gram of the equation x, ,, 
=u x, (1-x)). 
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The period-doubling 
cascade is one of 
the standard routes 
to chaos. 


becomes chaotic. 


x, +17 HE sin (zx, ) 
where 0 <x, <1 and 0< u<1. G) 


Is tan any similarity between systems that take th 
doubling route to chaos? The principle of universality, 
by Feigenbaum, states that irrespective of the d 
system, if it takes the period-doubling route to chaos, th 
parameter spacings (the range of parameter values for ie the 
period is the same) occur in geometric progression, Filgi 
computed the ratio of convergence and the constant named A 
him, is one of the fundamental physical constants, Later 
Feigenbaum’s results were reformulated in a Tet 
mathematical framework but the initial insights were provided 
by numerical simulations. 


€ Period. 
discoyerey 
TUre Of the 


Feigenbaum’s principle of universality can be stated rigorously 
as follows. Let 4 be the parameter value for which the first period 
doubling occurs (in other words 4 is the parameter value at 
which period 1 gives way to period 2). Let 4, Hh be the 
succeeding period doublings. Now we define F, as, 


F, = [Ly — My.) / [Hy Saale) for k = 2, 3,4» 


The sequence F,, F}, F, ... converges to a number F, eled 


period doubling route to chaos. 


¢ Pree d comput 
In the next section, we take two dissimilar systems an gs 
; aci 
the geometric convergence ratio of the parameter SP 


thereby verify the principle of universality. 


2 eç : 1 rsality 
Computer Assisted Verification of Unive 


Jue at WA! 
An algorithm for computing the parameter N 7 can bevet 
The algorit? T 


jod doubling occurs is presented. 
peri 8 flow chart ( gure A 


understood from the accompanying 
para-meter values at which the period-d 
be used to compute the parameter spacings 20 


ing the 
Feigenbaum constant. Fis the same for all systems taking th 


: ut 
plings 0E ais 
on acing | 


rod. 
Vered 
Of the 
en the 
ch the 
baum 
dafter 
Later, 
OTOS 
ovided 


yrously 
period 
alue at 
be the 
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jnitialise variables 


after n3 iterations 
(n3 < n2) store the 
x value as 'xyalue’ 


is the current x value 
approx. equal to “xvalue’ 


period := current 
iteration count - n3 


IF period is different 
from the period of previous 
loop PRINT period 
and mu values 


next iteration 


The idea of the algorithm is to increment the parameter values in 
a - BERE 
“n outer loop and to iterate the equation in the inner loop. ABS 


Is S a 
‘function that returns the absolute value of the input value. 


eC a Procedure iat returns a random number between 0 
iterations i. first ee iterations ( an arbitrary choice of 8000 
Own. At a algorithm ) are used to allow the transients © die 
OW chart) aR, na TENG (8000 in the algorithm and n3 in the 
u ane g gau of x is stored in the x value Cera In the 
tives agaj SEADE we monitor if the value stored in x value 
Couns valk he mas value for which x value arrives again = 

© Period Werte x value was stored (8000 in this case) gives 

© system. If the current period (given by period) 


Rtg, 
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Figure 5 Flowchart for 
computing the parameter 
values for which period 
doubling occurs. 


The principle of 
universality, 
discovered by 
Feigenbaum, states 
that irrespective of 
the nature of the 
system, if it takes the 
period-doubling 
route to chaos, then 
the parameter 
spacings occur in 
geometric 
progression. 


SSS. 
Peale DAS ee = z 
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The initial discovery 
of the universal 
constant by 
Feigenbaum was 
done using a pocket 
calculator. 


/* Variables used : 


pcount, count : loop counter variables 
prevperiod, period : stores the period values 
r : stores the parameter values 
x, xvalue : used to store the actual iterati 
flag : boolean that determines when a dA ofthe 
prevperiod, pcount, count, period : integer; MAE Í 
mu, x, xvalue : float; | 
flag : boolean; | 
prevperiod := 0; | 
FOR pcount := 0 TO 10000 7* outer loop for in i i 
mu := 3.43 + 0.15/10000 * pcount;  /* increment fa eee oa valve y | | 
count := 1; x := RAND; flag := TRUE; /* initialise variables belo reas i 
WHILE count < 15000 AND flag = TRUE DO "er bop E | 
count := count + 1; 
x:= mu *x* (I-x); /* perform iterati . 
IF count = 8000 THEN : aton oits aa | 
xvalue := x; /* store value of iterati 
ae Of x at 8000th iteration #7 
IF count > 8000 THEN /* monitor and see when xvalve retuns*/ 
IF ABS{xvalue - x) < 0.00001 AND x > 0 THEN 
period := count - 8000; 4 
ENDIF ; 
IF period <> prevperiod THEN 
PRINT period, mu; 
prevPeriod := period; 
END IF 
flag := FALSE; 
END IF 
END WHILE 


NEXT pcount 


is different from the previous period (stored in prevperiod), the 


period value (period) and the parameter value (r) is printed. a 
calculate 


parameter spacing and Feigenbaum constant are then 


Na 


manually. 


milar syste™ 


; i two dissi 
The algorithm was applied to ). The restlt 


wep TH x, (nx, )andx,, „= Hsin (7% 
obtained are in Tables 1 and 2. 


x 


non-linea’ oP 
i e (0 
doubling rout r 


r yalues 


The numerical studies indicate that for 
dimensional systems, which take the period 
chaos, the ratio of the spacing of the paramete firs 
universal, in the sense that, for a wide class of SyS al 
independent of the details of the equations. Thea 
provides a good metaphor for the rol 


Lema 0 
in the field of chaos. In fact, the initial discovery 
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=U. x, -x 


ple 1 Analysis of the logistic equation 18 
Ta g 


starting u value parameter spacing Feigenbaum 


pe constant 
1.0000000000 2.0000000000 
3.0000000000 0.4494897427 4.44948 
3.4494897427 0.0946228040 4.75033 
: 3.5441125467 0.0203330686 4.65364 
4 3.5644456153 0.0043638742 4.65940 
32 3.5688094895 0.0009362636 4.66064 


3.5697457531 


Table 2. Analysis of the sine function x, = p sin (x x,) 


Period# starting ys value parameter spacing Feigenbaum 
: constant 
1 0.300000000900 0.4198154390 
2 0.7198154390 0.1134053575 3.70190 
4 0.838332207965 0.0253723920 4.46963 
a) 8 0.8585931885 0.0054861570 4.62480 
16 0.8640793455 0.0011784030 4.65558 
iod), the 32 0.8652577485 0.0002528400 4.66066 
ed, The 0.8655105885 
Jculated | 
constant by Feigenbaum was done using a pocket calculator, 
system using a procedure similar to the one used above. 
, results 
i Conclusion 
at, ot e discovery of chaos has far reaching implications in many 
oute" R of science. Chaos has provided us with a new way of 
col pe at nature. It has helped us to find order in places where 
DS i i palici found only disorder. In conclusion, two points are 
pei Telterating. First, chaos can occur in deceptively simple 
T a amical systems, Second, the computer is an essential and 


spe: f 
Pensable tool in Studying chaotic dynamics. 
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G Marimuthu has studied 
the behaviour of bats for 
almost two decades. His 
pioneering experiments 

have led to an understand- 

ing of how bats catch frogs 
in total darkness. 


Bats emit high 
frequency sound 
waves while 
navigating, and 
process the echo that 
comes back from 
obstacles. This method 
assists prey location 
and capture. 
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cholocation 
The Strange Ways of Bats 


G Marimuthu 


Bats are capable of avoiding obstacles that they eng, 
even in complete darkness. This is because ioe 
ultrasound (high frequency sound) and analyse a emit 
produced when the sound hits objects on their path a 
article describes the hunting flight of bats at fe 
echolocation is useful in prey capture. Prey capture Without 


the aid of echolocation by some bats is also described 


The March 1996 issue of Resonance introduced us to th 
fascinating world of bats, the only flying mammals of the world 
As opposed to traditional views on bats, they are a harmless and 
interesting group of animals. Awareness about bats and the need 
to conserve them has increased considerably in recent years. A 
very interesting feature which was only briefly mentioned in 
Resonance Vol.1, No.3, is the ability of bats to ‘see’ through their 
ears. The microchiropteran bats use a special property called 
‘echolocation’, both to avoid obstacles on their way and to loca 
and capture their prey. 

Echolocation is a specialized process of orientation used a 
Bats emit high frequency sound waves while navigating 
process the echo that comes back from obstacles. This me 


assists prey location and capture. 


The Discovery of Echolocation 


i ian paur i 

During the year 1790, Lazzaro Spallanzani, an 2 while 
first observed that bats were able to avoid pe thes jal 
even in total darkness. He also found that E into opscitl® 
d fly without bumping asi | 
plugged £ | 


removal of eyes, bats coul 
Later, Charles Jurine, a Swiss zoologist, 


rya samaj Foundation ennal a 
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| pserved their inability to perform these correct orientations. 

ando i repeated these experiments and obtained similar 
S y, of them concluded that bats could ‘see’ through 
s! The French naturalist Cuvier disagreed with this 
He explained that a sense of touch in the wing 


ed the bats to avoid obstacles. In 1920, Hartridge, 


results- 
BS 3 their ear 


statement. 


membrane caus 
British physiologist put forward the hypothesis that bats emit 
Unter, ultrasound and listen to the echoes of these sounds. After 18 years, 
| emit i i i ith Pi 
ee the American zoologist, Donald R Griffin along with Pierce, a Donald R Griffin showed 


physicist, used a microphone sensitive to ultrasound and that bats emit ultrasonic 
. This demonstrated that bats do emit trains of ultrasonic pulses while pulses. 


bor flying. They showed that the number of sound pulses increased 
oe as bats approached obstacles on their flight path. They also 
a noticed that the bat’s mouth was always open when the sounds 
os ‘ were emitted. Griffin continued the experiments and found that 
etl closing the mouth of the bat resulted in disorientation. He 
ital established that bats emit sounds through their mouths. It was 
topes Griffin who coined the term ‘echolocation’ in 1938. In 1958, he 
onl published his classic book, ‘Listening in the Dark’ which 
tl documents many details about the discovery of echolocation. 
oh ht Echolocation is one of the methods of orientation mainly used by 
yelled the microchiropteran or insectivorous bats. While flying, these 
locate bats emit high frequency ultrasound. These sound pulses hit 
obstacles like rocks, trees, walls etc. and their echoes are heard by 
bats. By analysing these echoes, bats are able to find their way 
by bas: ae deep into underground caves in which there is absolutely no 
ng, mi gnt. 
me B it was Grifin who 
calizations of Bats conned he era 
Likeother ; ‘echolocation’ in 1938. 
mammals, including humans, bats emitsound through In 1958, he published 


ois ie or larynx. Sound is produced when the vocal chords his dassic book, 
p e air passes over them. Hence these sounds are called ‘Ustening in the Dark’ 
ile eB eon The muscles in the larynx adjust the tension on the which documents 
| chor a hords. This controls the rate of vibration of the vocal many details about 
Mitte eck explains the frequency or pitch of the sound the discovery of 

: ome of the characteristics of sound are shown in the echolocation. 


| May 1996 
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Figure 1 The face of the 
Indian false vampire bat 
Megaderma lyra. It is a 
microchiropteran and car- 
nivorous bat. It weighs about 
40 g. While flying, it emits 
ultrasounds through its 
nostrils, which help to beam 
the sound pulses. The huge 
pinnae are able fo collect 
the faint noise created while 
the prey moves. 


The hunting flight of 
bats is divided into 
three stages: the 
search stage, the 
approach stage and 
the terminal stage. 


box. Most of the species (eg. Indian pygmy bat 
tomb bat) emit their echolocation sounds throy 
few other species (eg. Indian false vampire bat, leaf uth, A 
horseshoe bat) produce their vocalizations throuph nett 
The latter species have grotesque facial ornamentatig € nostril, 
known as the noseleaf (Figure 1). Itis a shallow, parabo A | 
tion 


rounded or esty | 
Varies from specj | 
focus the outgoing | 

| 


Teele a 


8h the Mo 


surrounding the nostrils and a spear shaped, 
superior portion. The structure of the noseleaf 
to species. The noseleaf serves to narrow and 
beam of sound. 


Vocalizations used in echolocation are generally dividedintotyy | 
l 0 
categories. 


e Broadband signals These cover a wide range of frequencies, 3 
from 20 to 140 kHz and have shorter durations of less thans 
milliseconds. They are technically called frequency modu: 
lated (FM) pulses. Each pulse starts at a high frequency and 


sweeps down to lower frequency within a short duration. 
o Narrowband signals These havea constant frequency (CF)and 
longer durations of about 100 milliseconds. 


Functions of Echolocation 

Even though there are two such distinct kinds of sounds 4 
(Figure 2), bats use either one or combinations of both depends 
on the situation and gather detailed information 0n their ee 
path. The hunting flight of bats is divided into three stages: 
search stage, the approach stage and the terminal 
During the search stage, bats emit so a corte 
repetition rate of about 10 pulses per second. Actually set 
tion exists between the habitat in which a species ; 
forages and the type of signal it emits at this stage UP ci 

CF pulses, with or without an FM tail, are found se art 
forage in open spaces where vegetation and other go ge 
not found. Bats that hunt close to vegetation OF wore wy 
pulses which mainly have an FM sweep: | 


enn: 
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=A 
dba, 
Ith, A 
bar 2 
w| 3 
tis z & 40 
Artio 2 g (0) 
fleshy č 
pecie 
Boing DURATION (msec) 
amount of information available from a signal is proportional to 
zm | its bandwidth. A broadband outgoing sound pulse would cause a 
| greater number of altered frequencies in the returning echoes. 
. , Bats use such echoes to analyse the features of the target, for 
ae f example to differentiate prey from the background clutter and to 
att differentiate smooth and rough surfaces suitable for landing. 
aye) They can accurately discriminate between targets that are within 
i 10-15 mm of each other. To estimate the target range (distance), 
Fa bats analyse the time delay between the emission of sound and its 
return as echo just like a radar detects objects several metres away. 
A few other species like horseshoe bats which emit narrowband 
signals with longer CF component use an alternative strategy of 
sgt echolocation. They distinguish the moving prey from nonmoving 


di obstacles by means of the Doppler etic (see oan a 
ending V 
ol.l, No.2, Page 14). 


r flight 

es: | The mai 

sl ain function of the search stage is to detect the potential 

i wi among obstacles. The big brown bat Eptesicus fuscus can 
e 3 

orret ic sphere having a diameter of 2 cm, at a distance of 5m. The 

ait € bat detects a 0.5 cm sphere at a distance of 3 m. 

| shot he ie 

seb ne of the approach stage represents the first visible 

0 : 

ds | is ie of the bat to the target. This stage begins when the bat 

a ep! head r “<0 | or 2 metres away from the target. The bat turns its 


n Da 
iiy b fo tate R ears towards the target. It also increases the repetition 
€ echolocation sounds to about 40 pulses per second. In 


8:4 aa 99 TIT TH 


DURATION {msec} 


500 


Figure 2 Sonograms of 
different types of echoloca- 
tion sounds shown as fre- 
quency in the ordinate and 
duration in the abscissa 
scales : (A). Steep broad- 
band FM signal starts at a 
higher frequency and ends 
in a lower frequency in a 
short duration. (B). Steep 
FM signal ends with a shal- 
low FM component. (C). A 
long CF narrowband signal 
with an initial increasing FM 
and a decreasing FM tail at 
the end. (D). Signal starts as 
a shallow FM with a long CF 
component. 


Figure 3 Pattern of the 
emission of echolocation 
pulses by bats which emit 
only FAA signals (top) and 
bats which emit a combina- 
tion of both CF and FM sig- 
nals (bottom) at three dif- 
ferent stages. (S) - search 
stage, (A) - approach stage, 
(T) - terminal stage. 
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Sound is a series of vibrations in air or water for 
example, picked up by the ears and interpreted 
as a sensation by the brain. A few characteristics 
of sound are relevant to echolocation. The fre- 
quency or pitch of the sound of bats is measured 
in kilohertz, abbreviated as kHz. One kHz is one 
thousand cycles per second or 1000 Hertz. Hu- 
mans can hear up to 20 kHz. Sounds having a 
higher frequency than this are called ultrasound. 
The echolocation calls of bats are inaudible to 
humans and hence called ultrasonic. Since high 
frequency sounds are more rapidly absorbed by 
the atmosphere, the echolocatory system works 
within a limited distance. The intensityof sound is 
measured in decibels, abbreviated as dB. This 
unit is related to the ratio of the sound intensity to 
a standard, which is taken to be the threshold 
sound intensity detectable by the human ear. 
Table 1 provides the decibel scale to measure 


dB Examples 
il 10 Rustling leaves 
| 20 Whisper 
l 30 - 
40 Voices in city night 
50 Normal speech 
60 A busy super market 


70 i 


The hearing sensitivity 
of bats is much 
higher than 

other mammals. 


i Table 1. The decibel scale 


addition to these changes, a qualitative cha 
pattern also occurs. In species (eg. M 
FM pulses, the slope of the FM s 
duration of the pulse becomes short 


Characteristics of Sound 


the loudness of various sounds. The echol 
MOcotig, 
n 


sound of bats is about 110 dB 
at 10 cm inf 
tonto 


a bat’s mouth. This is slightly more į 
the sound from a milk cooker, a co 
in the kitchen. 


Ntense thon 


Theoretically a bat receiv 

within 500 milseconds E 
sec ). The obstacles could be owe il z 
distance of about 85 m. The bat W 
distance of the target by measuring the k 
interval between the emitted signal and its echo, 
The range of frequencies of the echolocation 
pulses is the bandwidth of the signal. The power 
spectrum explains the distribution of energy on 
the frequencies of the signal (see Figure 4). Abat 
collects detailed information about targets by 


comparing the power spectra of the emitted 


sound and its echo. 


dB Examples 

80 Vacuum cleaner 

90 Classroom in a school 
100 z 

110 A road drill 

120 3 

130 Jet aircraft take off 
140 Painful sounds 


nge in OF ol 
Iyotis myotis) we 
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INTENSITY (dB) 


FREQUENCY (kHz) 


Signal remains the same. In a few other species like Nyctalus 
noctula which emit only CF pulses during the search stage, an 
abrupt switch to emitting brief FM pulses occurs. The CF 
“mponent is dropped, Horseshoe bats which use long CF-FM 
Pulses during the search stage do not drop the CF component at 


the approach Stage. Their pulses become shorter with an increase 
m bandwidth of the FM component. 


Thusa shift towards 
Pproach Stage. Sinc 


toadeast (RM) ~; 
ma (FM) sign 


emission of FM pulses is discernible at the 
e the information content is greater in the 
als, this shift is useful to decide whether to 
à Prey or to avoid an obstacle or to land ona roosting site. 
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Figure 4 The Spectrogram 
of the echolocation calf (A) 
and its echo (B). The spec- 
tral difference between the 
pulse and the echo provides 
detailed information about 
the target structure. 


The big brown bat 
Eptesicus fuscus can 
detect a sphere 
having a diameter of 
2 cm, at a distance 
of 5m. The same 

bat detects a 0.5 cm 
sphere at a 

distance of 3 m. 
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Our ears hear a changed sound when we listen 
to a sound source which moves rapidly towards 
or away from us, eg. a car passing us with its 
horn blowing. We experience a sudden drop in 
frequency as the car passes away from us. Even 
though we hear a sudden change in frequency, 
the horn actually sends out sound waves at a 
regular interval. If we stand ahead of the car 
(person ‘A’ in Figure 5 ) our ears receive more 
than the normal number of sound waves and we 


hear a higher frequency than the real tone of the 
horn. After the car passes, our ears receive fewer 
sound waves ( person ‘B’ in Figure 5) so that the 
frequency becomes lower, with a sudden drop at 
the moment the car passes us. The faster the car 


Doppler Shift 


moves, the greater the change inf | 
This effect of motion on the frequa a 
was first pointed out by an Aoi Sounds 
Christian Doppler and itis named an A 
Doppler shift. Imas 


The long constant frequency Signal of the echo. 
cation sounds emitted by a few species Of batsis 
used for measuring the Doppler shift but is no} 
suitable for target description. Bats are able fo 
analyse the shifts that occur in the echo fre- 
quency produced by a flying insect. They use this 
method to detect the insect prey from the large. 
amount of echo clutter produced by the dense 
foliage or other background objects. 


A few other species 
like horseshoe bats 


distinguish the moving 
prey from nonmoving 
obstacles by means of 
the Doppler effect. 


When bats reach the target within a distance of 50 cm, the 
terminal stage begins. A steep increase in the repetition of the | 


emission of about 100 or even 200 pulses per second occurs. This | 
increased rate rapidly updates the information and the batmakts | 
the final decision whether or not to catch the prey. This rapid 
increase in the emission of sound pulses during the terminal stage 
is termed as ‘final buzz’. In most bat species, the sound pulss 
emitted at this stage are only FM sweeps with three or m 
harmonics. These are of lower duration of within 0.5 millise 
onds. In bats which use the Doppler shift, like the ads | 
the CF component still remains but is reduced in dag 
about 10 milliseconds (compared to 60 milliseconds mt 
search stage). After detecting the insects, bats capture 


„pout: 
; E to thelt 
using their wing membranes and transfer them 


9 tha 
of bats is much higher E 
E j ceive 
mammals. This specialization allows bats to T° e 
faint echoes. When the echoes return to ee. ; 
* . . a 
by the auditory system similar to other ™ 


The hearing sensitivity 


E 


ney, 
Unds 
entist 
Mas 


holo. 
Jats is 
is not 
ble to 
0 fre- 
se this 
‘large 
dense 
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Echolocating bats have prominent external ears. Their pinnae 
are specialized to amplify the faint echoes. The mechanical 
vibrations of the echoes travel through the ear drum, middle ear 
and reach the cochlea of the inner ear. A helical ribbon, known as 
the basilar membrane, present in the cochlea contains hair cells. 
These are the receptor cells that convert the mechanical vibra- 
tions of the echoes into electrical signals and transmit them to the 
brain along the auditory nerve. Processing of the echoes takes 
place in the brain. The processing includes information such as 
the pulse-echo delay and comparison of spectral features of the 
original sound and its echoes. From this process a bat gets an 
‘acoustic picture’ of its flight path. 


Prey Capture without Echolocation 


Recent Studies show that some species of bats do not use echolo- 
oon to detect their prey. These are the false vampire bats in 
India, Australia and Africa, long eared bats in North America, 
ieee bats in Europe, fringe lipped bats in Panama and 
me ats in Africa. The Indian false vampire bats listen 
(ops ate the noise associated with the movement of the prey 
songs of Ice, larger insects, etc.). The fringe-lipped bats use the 
male frogs to locate and capture them. 


he en 
acn distinguish the calls of edible frogs from those of 
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Figure 5 Each sound wave 
starts out as a circle. Since 
the horn is moving forward 
continuously, the centre of 
each circle is a little farther 
along the road than the pre- 
vious one. This makes the 

wave ‘crowded’ (high fre- 

quency) in front (A) and 

‘stretched out’ (low fre- 

quency) at the back (B). 


Recent studies show 
that some species of 
bats do not use 
echolocation to 
detect their prey. 
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The vampire bats of poisonous toads. The vampire bats (living only ; 

Central and South South America) use the breathing noise of ia in Central, 

| America use the and to feed upon their blood. All these species sca tO Loca 

| breathing noise of the faint echolocation signals but use them a ats Pty i 
| cattle to locate information about the background. They are n tO Bathe 

| and to feed upon whispering bats. Echolocation is a unique and an 

j their blood. characteristic of bats. Scinating 
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Kanizsa triangle ... consists of illusory contours. A normal v 


triangle eventhough interconnecting lines are missing. Suchillusionssnow” 


p : eti SHS 
visual cortex must resolve conflicts between different functional area 


z ; A e fol 
Honeybees can see optical illusions ... Brazilian researchers hav ; 
to "see" Kanizsain 


T 
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Statistical inference is introduced here as an application of 
inductive inference. Using examples it is illustrated how 
random sampling allows data to be modelled with the help 


198, of probability models and how these probability models 
an provide the mathematical tools for statistical inference. 


Pes) À Inductive Inference 


Experimentation is a vital ingredient of scientific advancement. 

We have all conducted experiments in school or college laborato- 
a ries at one time or another. For example, consider the simple 

experiment involving a pendulum to determine the gravitational 
constant. We obtain data on J, the length of the pendulum and, 
the time required for some fixed number, say m, of oscillations. 
We then substitute these values in the following formula to get 
the value of the gravitational constant g. 


L 
(tim)? 


g= 4n x 


We repeat the experiment a few times and for each trial compute 
eave of g. We then compute the average of these values. 
seals, Most instructors would also want us to report the 
Ebaxed on ee We compute the standard error of the ua of 

fferent trials to get an estimate of the experimental. 


error, ri 
80 a meaning of these error terms will become clear as you 


vin 
ë conducted the experiment we are willing to accept the 
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Scientists offen 
generalise from a 
{i particular 
f experiment to a 

class of ‘similar’ 

experiments. This 
kind of extension 
from the particular 
to the general is 
called inductive 
inference. 


value of g that we obtained to hold even outsid 

location. In other words, for example, if the ex : ou Pecifi 
conducted in Hassan rather than in Bangalore we es Were 
would still get more or less the same value of g. This leve that ie 
acceptable to us without actually conducting the A ae tobe 
Hassan. Scientists often generalise from a partion gaia in 
to a class of ’similar’ experiments. This kind of ene 
the particular to the general is called inductive inference. m fon 
contrast to deductive inference, an example of which is a iad 
matical proof of a conjecture. Clearly, inductive inference = 


a certain degree of uncertainty. 


One need not be disheartened by this element of uncertainty i 
the degree of uncertainty can be estimated. This can indeed be 
done provided we follow certain principles. Statistics plays an 
important role in providing techniques for making an inductive 
inference as well as for measuring the degree of uncertainty in 
such an inference. This uncertainty is measured in terms of 
probability. 


Let us now consider an example of inductive inference. A con- 
signment of 10,000 units each having its own identification num- 
ber comes to the office of a statistical officer in a firm. A unit a 
be classified as defective or nondefective depending on certain 
specified standards and criteria. The officer’s job is to decide 
whether to accept or reject the consignment in its totality. As 
common sense dictates, we would accept the consignment i‘ 
weren’t too many’ defective units, Or in other words if f 
proportion of defective units in the consignment i 2 
substantial. Let @ denote this unknown proportion of «ee 
Our objective now is to determine this 9. One way ee ecifie 
this is to test each and every unit by subjecting it t° A uoit 
standards and criteria. This would tell us whether 25" bet 


um! 
a W : e total om 
defective or not. This in turn would give us th ; consist 


i s i its 12 i 
equivalently the proportion of defective U2 asite 
ment. Such a procedure is often 


long drawn a" 


inty if 
eed be 
ays an 
luctive 
nty in 
rms of 


A con- 
1 num- 
nit cal 
certain 
decide 
ity. As 
if there 
ifie 
ot very 
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‘uations such as measuring the breaking strength, we end 
many Reise the units while testing them. Isn’t it futile if at the 
Bec r procedure, we know the exact proportion of defectives 
Fin F: consignment but are left with no usable units? 

i 

4 thought that comes to mind is whether one can subject only a 
few units to the specified standards and criteria and based on 
these few units make a statement about the unknown 8. The 
answer is that we cannot determine the exact value of 0 but can 
makea probabilistic statement about it provided we select the few 
units in accordance with certain principles. Random sampling’ 
which is discussed later in some examples is one such technique 
toselect a few units from the entire population’ that satisfies the 
above requirement. Itis shown later that random sampling allows 
the data obtained to be modelled using probability models. These 
probability models in turn provide the mathematical tools for 
statistical inference. 


Moreover, if we adopt the above testing procedure only for a 
sample from the consignment rather than the whole consign- 
ment, we would save on cost, time, as well as effort. Prior to the 
advent of pressure cookers many of us have seen how our grand- 
mothers would mash a few grains of rice to determine whether 
the entire rice in the vessel was properly cooked or not. Thanks 
to their wisdom we were never left starving and we seldom ate 
undercooked rice. In science as well as in human affairs we lack 
resources to study more than a glimpse of the phenomenon that 
might advance our knowledge! 


Thus 
Obse 
this 
tive 


>» We select a sample of a few units from the consignment, 

tve the number of defective units in the sample, and from 

Knowledge try to predict the unknown proportion of defec- 

ut am ae consignment. We cannot be cran of our ONE 

Bives us an as a Aeman about the error in our answer. This 
idea about inductive inference. 
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In science as well as 
in human affairs we 
often lack resources 
to study more than a 
glimpse of the 
phenomenon that 
might advance our 
knowledge! 
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A random sample is 
one where every unit 
in the population has 
the same chance of 

being included in the 
sample. 


Even in our problem we could have asked Ourselve 
two questions : a “i 


1. What is the value of 6? 
2. Is @<.01(say)? 


The first question leads to the theory of estimation wh 
: er 
second question leads to the theory of testing of hypothese 
: ; s 
follows we discuss some simple examples where statistic. 


eas the 
In wha 


ence can be done meaningfully. al infe, 


Probability Models and Statistical Inference 


Example 1. Suppose that some of the printed circuit boards many. 
factured by a company have a certain defect which can only be 
detected with extensive testing. A “random sample” of n of these 
boards is chosen for testing. A random sample is one where every 
unit in the population has the same chance of being includedin 
the sample. Suppose k out of these n turn out to be defective and 
the rest are fine. What can be said about the proportion 6 of 
defective boards in the entire population of boards that this 
company has produced, if we can assume that the total number 
of boards produced is very large? 


First, note that © is also the probability that a randomly chose 
board (from the population) is defective. Now, let X ait te 
number of defective boards in the sample ofn boards which ne 
selected. For any integer x between 0 and n, we claim that 


()) 
P(X =x)= aoe 


its from aP 
This can be justified as follows. Sampling n units r 


e experiment, 1-ê- 


tion involves n trials of the sam 
aunit at random. Since the population size is 
that the outcomes of different trials are i 
the probability of obtaining any given s 


ndependent romë 
equence © is 


e, we can | 
hug 2 pert 


mant: 
nly be 
f these 
e every 
ided in 
ive and 
yn 6 of 
jat this 
umber 


chosen 
jote the 
ch were 
t 


()) 
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ah consists of x defectives and n-x non-defectives is 
whic o)". Since there are Ws ) such sequences,the probability 
2 = s : 

8 i event {X = x} must be what we specified above. (Refer to 
e 


oft dikar, R L 1996, On Randomness and Probability, Reso- 
Kran Vol. 1, No. 2, pp. 55-68 for related material.) The prob- 
nance, = > 


ility distribution specified by (1) is called the binomial 
E Using (1) it can be shown easily that the expectation 
f is E(X) = n9 and the its variance is Var(X) = n8 (1- 9). 
0 


For each 0 in the unit interval (0, 1), (1) gives a different binomial 
probability model for X. What is the model in which observing 
the event {X=k} is most likely? Let us denote by P (X = xio) 
the probability specified by (1) for the given 9. Let us define the 
function L(0) by 


L(8) = P(X=k/0), 


where k is the observed number of defectives (which is known 
now). Note that L is a nonnegative function defined on the set of 
all possible values of O which is called the parameter space. This 
function L is called the likelihood function of the unknown 
quantity 6 and clearly this measures how likely is the event X=, 


if 0 is indeed the true value of the proportion of defectives in the 
entire population. 


One appealing method toestimate 0 is to find the value of 0 which 
Maximizes the likelihood function. This is called maximum like- 
lihood estimation and the interpretation of the obtained estimate 
Sthatit gives the model, from all the models considered in (1) in 
Which the observed event is most likely. 


In the Problem above, the maximum likelihood estimate of 9 is 
ie ae this is the value of @ which maximizes 
ae ~ 8)". Since X denotes the (random) number of de- 

In the sample of (fixed) size n, we see that the maximum 
€stimation method provides X/n as the estimator for 
E the Weak Law of Large Numbers (see Karandikar, 1996) 


likelihoo d 
* Usin 
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Polya's View 


"Experience modifies 
human beliefs. We learn 
from experience or 
rather, we oughtto learn 
from experience. To 
make the best possible 
use of experience is one 
of the great human tasks 
and to work for this task 
is the proper vocation of 
scientists. A scientist 
deserving this name 
endeavours to extract the 
most correct belief from 
a given experience and 
to gather the most 
appropriate experience 
in order fo establish the 
correct belief regarding 
the correct question.” 
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It is comforting to note 
that if a large number 
of printed circuit 
boards chosen at 
random are tested it 
is indeed possible by 
the maximum 
likelihood method to 
determine the actual 
proportion of 
defectives. 


it can be shown that the maximum likelihood 
es 
approaches 8 asn — œ. It is comforting to not 
et 
number of boards chosen at random are tested iti 
s 


timator, Xh 
indeed Possi. 
Proportion of 


ble by the above method to determine the actual 
defectives. 


The precision of an estimator can be m , 

deviation (again refer to Karandikar, 996 fale a Standard 
mator’s expectation is the quantity it is supposed ie 
Note that, smaller the standard deviation better the aia 
average. In oe present case, E(X/n) =n 0 /n = 0 and Var(X) = 
n 0 (1 — 0) /n* = 0 (1 — 9)/n. Therefore the standard deviation of 
the estimator X/n is VO(1 — 0)/ n . For the observed data, namely 
k defectives in the sample of n, O is being estimated by s kh 
and hence a measure of precision of the estimate is given by 


8 a-8 yny. 


Example 2. What if © is very small in the above problem? Ifnis 
not very large, most of the samples may show 0 defectives. Then 
6 is also 0. This is not good enough if we want a good idea about 
the proportion of defectives in the population. It is clear that the 
information provided by our experiment is inadequate. How can 
we modify our experiment to gather more informative data? 


mpling until ape 
d. What is the dat 
hich obtains 
the above 


One suggestion is to continue (random) sa 
fixed number, say r, of defectives is observe 
now? It is simply X = number of sampled boards y 
r defectives in the sample. It can be seen, arguing as 12 


example, that 


POSK) E = eo | & 


bution is & 


enr =i, it® 


no 


for any integer x > r. This probability distri 
the Negative Binomial distribution. Wh 
called the Geometric distribution. Estima 


tion of 9 © 


Mu 
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the steps of the above example. 


followin’ 


e 3. Suppose we want to estimate the number of fish in a 
jake or in a particular part of a sea. Let N denote this unknown 
qumber of units. Consider the following experiment which is 
known as the capture-recapture method. Catch N; fish from this 
n. Tag all of them and release them. Now fish again. 


pxamp! 


a populatio 
. 4 This time suppose that 7 fish are caught, m, of which have tags on 
A them. Clearly Nı < N and n; < n. What is an estimate of N and 
` how good is this estimate? N clearly cannot be less than N, + 
w (n-m) which is the total number of fish that we have seen in the 
af wo stages of fishing. For any value of N > N, + (n —n,) what is 
ly the probability of observing n, tagged fish among n fish caught 
Hh in the second stage? This is exactly equal to the ratio of the total 
i 4 number of ways of choosing n units from N units such that n, of them Tenco 

came from a fixed set of N, to the total number of ways of choosing n jeicoptones eee 

units from N units. Therefore, the probability is À s 

| ENNI is an ingenious 

u IN) = = cre /( 2 ). The estimation procedure discussed way to estimate 
w | above can be easily implemented here too by first obtaining a the ponent 
o! | likelihood function for the unknown parameter N using the È ie si bi 
a | ove probability expression. As is discussed in Feller (1993), to Po on 

ind the maximum likelihood estimate of N consider the ratio 

P P(N) (N-N,) (N-n) 

E PN-1) ` (N-Ni-n+m)N 
ins | Note that this ratio is greater than or smaller than 1, according as 
we | Am < Nin or Nn, 


RR z Nın. Therefore, with EE N the Se 
met eae GNSS Ea then decreases; it reaches its 
Maximum jx a N is ene intsen part of Nininy so that Le 
hee au oe 5 1 god Sumai oi A is ap pion aa. n/n. This 

€stimate since it implies that approximately n/N 


| “qual need 
p8 | ee 3 Ni; itis the same as saying that the observed proportion 
€ . 
all) | Osa 8¢d fish should be approximately the same as the proportion 
ont mpled fish, 7 
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If the sample size n 
is very small 
compared to the 
population size, the 
hypergeometric 
model can be 
approximated by the 
binomial model. 
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The next example is about elections. Since the el 
ele 


“tions are j 
ing expert predictions about whi , agencies Will hen 
g expert predictions about which party will win em 

> 


let us Consider 


around the corner and various commercial agenci 
ci 
the statistical methods they employ! 


Example 4. Suppose that we want to know the pro 
eligible voters who support a particular political Party 
sample of size is selected from this population and su 

voters support this party. What is a good estimate of the A 
proportion? How do we obtain a probability model for the i a 
ment just conducted? Let us examine the following ine 
periment. Consider a box containing a large number of mil 
a proportion 8 of which are red. Ifm marbles are chosen at random 
from this box, what is the probability of getting k red marble) 
The answer depends on whether the sampling is done with 


Portion e 
A randon 


without replacement. Random sampling with replacement means 
that the unit sampled is replaced in the box before the next draw 
is made. In random sampling without replacement the sampled 
units are not replaced. If the sampling is with replacement the 
probability distribution of the number (X) of red marbles in te 
sample is given by the Binomial probability model of (1). Jfitis 
without replacement then we get 


Noe. , N(1-9) 
( x ( n-x ) 
PX=x).= ee 


(a) 


n 


AAL þe seet 
This is the Hypergeometric probability distribution. What can a 
pange from dra 


is that if the composition of the box doesn’t c 
draw then the draws are independent and hence a 
Binomial model instead of the Hypergeomettic. Rey i ; 
number of sampled units n is very small compare’ ebos 


ositione i 
number N of marbles in the box then the comp®™? ampli» 


done without replacement. The 
be available as the approximation © 
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: model for large N. This is indeed true as the following result 
dak. shows- 
iy Ne, NU-8) 
nof Ta Cn 
dom 
se} To prove this, expand all three terms in the left hand side using 
lited factorials, factor out the right hand side from there and then note 
peri- that whatever remains converges to l as N —> œ. 
cer 
bles, Let us return to the question of predicting the outcome of elec- 
dm | ions. If a random sample of n voters contains k who support a 
ble) | particular political party, then from the exact Hypergeometric 
thor 7 model or the approximate Binomial model, one can check that 
“as | the maximum likelihood estimate of the proportion of voters in 
draw the population who support that political party is simply k/n. Of 
ale course, the commercial agencies which conduct the surveys may 
the employ more advanced techniques such as dividing the sample 
ay size between different cities according to their population and 
fii | other important factors. When random sampling involves such 
additional constraints, the probability models for the sampling 
design need to be modified accordingly. 
Example 5. Let us see how our school experiment to determine g 
can be put in the set up of statistical inference. Lety; be the value 
e the gravitational constant that we obtain in the ith trial (for 
ia 1, ...,). Then we can represent or model our data as follows: 
raw 
i Share 8 = Maco gith 


ewl | Where g ig the true 
pe bos constant and s; is the 
jig” | “e beyond our cont 
“sume that there ar 

“expectation of ¢ 


(but unknown) value of the gravitational 
combined error due to various factors which 
rol in the ith trial of the experiment. If we 
€ NO systematic errors in the experiment then 
is E (e ) =0. The variance of ¢ is Var (e) = 


5 
A 
1” i "Son 
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If a random sample 
ofn voters contains 
k who support a 
particular political 
party, one can show 
that the maximum 
likelihood estimate of 
the proportion of 
voters in the 
population who 
support the political 
party is simply k/n. 


An important point 
fo note is that a 
probability 
distribution is used 
in each of the 
examples to model 
data. This is the 
only way to obtain 
optimal statistical 
procedures. 
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o? which indicates how precise the experiment ig 
distribution (bell-shaped curve, to be discussed į 
other article) is normally used to model messi j 
the e above. This will imply that our data, y, Mt errors i 
independent and identically distributed Gaussian O te 7 
random variables with expectation g and variance z norm 
shown using the probability density of the Gaussian 
that the maximum likelihood estimate ofg is Y}, 
observations. This is indeed what we were tol 
value of g by our instructor, isn’t it? To ob 


WUstia, 
detail jn 


al 
2 ) 

-It CaN be 
distribution 
the average oft, 
d to report as the 


as Ads ) Obtain a measure ¢ 
precision of this estimate, we note that E (y) = g and Var (yy) 
y)= 


o7/n . It can be shown again using the probability density of 
Gaussian distribution that the maximum likelihood estimate 


n | 


s N 2 — . 
o is o? = ŞO: -y)° /n. Therefore, an estimate of the exper | 


i=l 


AN 
mental erroris o / Vn. 


In the above discussion we tried to give a flavour of statistical 
inference using some simple illustrations. The important point 
to note is that a probability distribution is used in each of the 
examples to model data. This is the only way to obtain optimal 
statistical procedures. It can be readily seen that the scope of 
statistics is much wider than what is discussed above using most 
simple discrete probability models to estimate unknown param 
ters. One very important topic which is not covered at w 
hypothesis testing. Likelihood methods again play a ye 
role here as well. The methodology involved here is materia 


a future article. 
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a What's New in Computers 
an. The Java Internet Programming Language 
like 
ity T S Mohan 
Mal) 
Ube The Java programming SAGE EG is poised to change the 
tion way Internet is currently being used. In this article, we 
fthe explore Java and find out why it has become popular with 
the programmers all over the world. 
te of 
))= Introduction 
l Computers and telecommunications have enabled our progress hirr 
l into the information society. The Internet serves as the information programming languages 
peri 4 superhighway that every nation can connect to. It essentially and environments for 
| consists of powerful computers with a variety of capabilities, mye ET late kehas 
resources and information networked via high-speed and large e 
bandwidth communication channels. These computers are also doesn’t hack, he hitch- 
tical known as servers. Connected to these servers are a large number hikes around Bangalore. 
point of desktop systems using which many computer literate He is currently a Senior 
Ta x i Scientific Officer in the 
f the Participants interact. They can search and obtain the latest Supercomputer Bai AA 
imal information on any topic. In addition, they can share their unique and Research Centre, 
pe of experiences and information, by adding them to the Internet. Indian Institute of Science, 
ostly Information over the Internet is going multimedia; that is, it will Bangalore; 
ame include text, graphics, images and sound. 
all i 
ntial The Internet is a rapidly evolving network of computers, where 
al for chunks ofrelated information are available across the world. This 
information is always evolving, thus making all stored versions 
obsolete Within a short period. It was a challenge to create The Intemet is a 
oe Structures that looked like a simple document to a rapidly mee 
Ble. romputer system, but were actually spaad aguos eee =e 
ee in different parts of the world. This distributed as as ie, 
| Mente Basen authors to build-in references to remote docu- a n see 
tbdatg a creators of these remote documents could always In ae 
ilab] m whenever necessary and these updates were always are 
© at any access of the original document. across the world. 
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People quickly 
realized that 
sending html 

based documents 
over the Internet 


was the ideal way 

to publish and 
annotate scientific 
i research and 
Wy reference material. 


When the comet Shoemaker-Levy broke up into 
pieces and crashed into Jupiter, the images sent 
back by the spacecraft Galileo were immediately 
made available over the Internet by NASA. Un- 
able to meet the access demand by users - 
astronomers, scientists and lay public - all over information been distributed 0 
the world within hours of release, NASA scientists results of the efforts by different 
had to replicate this information in other systems 
that were geographically spread out. This helped 


to bring the data transfer load on the computer rived. The network is the computer 


The Global Information Society 


networks under control . Thus people 
world had direct and immediate ch 
images sent by Galileo even gs th 


tists themselves were Using it a 


Access fo 

e NASA Stien. 
S Part of their 
r used and the 


People study; 
the rare astronomical phenomenon ete 


scientific study. Never before h 


i hared 
so easily. The global information society. has oy 


Initially developed at the CERN labs in Europe and distributed 
freely over the Internet, the first world wide web browser ws 
essentially a hypertext document interpreter package that helped 
follow hypertext links or references to other documents residing 
in different sites. With this came the distributed hypertextmodel 
of transparently structuring information on computer systems 
along with a new information transfer protocol for the Internet 
called hypertext transmission protocol or http. A language was devel 
oped to express documents in the hypertext mode. This ws 
called the hypertext markup language or html. People quicky 
realized that sending html based documents over the Intenet 
was the ideal way to publish and annotate scientific research and 
reference material. 

Augmenting the web browsers with windows based n 
user interface (as in Mosaic and Netscape) made me 
Currently, hypertext documents comprise text, E a 
and images. When sophisticated web documents "a a m0! 
that used non-standard extensions to the html were wit 


; ause 
web browsers around the world ignored them bee rtin the 
e of supp? spit 


i tems were incapabl 
lying computer system aa grap “i 
a 


Examples include documents with very 4 `: 
> ; ing mo 
using graphics workstations supporting 


buted 
T Was 
relped 
siding 
model 
stems, 
ternet 
devel- 
is Was 
vicky 
ternet 
chand 
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ettes, video clippings made with video capture and 

j ackage, as well as digitized sound made using audio 
display and playing package. In addition, the transmission of 
DE ient over the computer network hogged a large 
e in Such documents are never seen in their complete 
H on most computer systems. In addition, documents were 
also extended with commands to pE programs needed by the 
browser. However, this feature quickly ran into trouble. The code 
plugged into the document by the author was specific to the local 
processorand operating system and therefore could not be executed 
in the browser’s system. This was perhaps because of a different 
processor architecture or operating system version or the runtime 
libraries. In addition, there was the hazard of potentially execut- 
ing malafide pieces of code called computer viruses embedded 
within the documents, causing problems to the recipient system 
and spreading it around. Thus the Internet has thrown up a 
number of technological challenges like using the net for secure, 
private and fast commerce as well as supporting video and 3D 
graphics. Yes, the web has now become the all-pervasive com- 
puter! And the web page is no more a passive entity. 


color pal 


Given this scenario of the Internet, there was an implicit need to 
come up with a programming language to enable authors to 
incorporate Program application fragments or applets into the 
web document. It had to be sophisticated, system independent 
and secure so that the author concentrates on the application and 
isnot concerned with its execution. 


The Programming Language Java 


ne ws SOREN language was designed to cater to the 
in mo ay PRICES oyeron a number of problems 
Ment of dig Programming practice and enable the fast develop- 
oriented aaa programs and applets. It is a simple, object- 
Secure and es that pes been designed i be portable, robust, 
libraries 5 ‘Hicient. It’s compiler, runtime system and class 

ve been targetted for most processor architectures and 
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What is Hypertext? 


All books and articles are 
linear documents where 
the order of information 
Presentation is fixed by 
the author or editor. This 
article and the journal are 
typical examples. 
Generally the title page 
is followed by a contents 
page and then by the ar- 
ticles. Finally we have the 
references and the index. 
While browsing through 
a book we cannot obtain 


information in any other 


order of presentation. 


However, the computer 


permits one to create 


documents in the system 


wherein multiple presen- 
fation orders can be de- 
signed. The person 


browsing through it can 


choose a suitable order. 
Thus the organization of 
information becomes 
non-linear and multi-di- 
mensional. Such texts 
have hyperlinks or 
cross-references be- 
tween different parts. 
Hence they are called ~ 
hypertexts. 
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Assume that you have a magic wand and table 
and are interested in learning how a computer 
works. You ask for a computer book and wave 
your wand; and lo and behold, there is the book 
on computers on the table opened at the page 
which explains how it works. You read a para- 
graph in between and see a reference to a 
computer journal paper. You want it and with a 
wave of your wand, the referenced document, 
opened at the topic of interest appears stacked 
over the book on your table. You start reading this 
paper and come across another reference, now 
to an encyclopedia. You wish for it and with a 
wave of your wand, the third document appears, 
stacked over the other two and opened at the 
topic of your interest. You start reading it. You 
come across a reference to a figure explaining 
the electronic circuits comprising the CPU. You 
ask for it and you get a sheet with the figure in all 
colours and precision. You finish noting the 


Browsing through a Hypertext Document on the Web 


intricacies of the circuit diagram and 
Wish to 
get 


Wave Of your 
ars and Voy 
Were reading 


With a way, 
your wand you get back to the journal Paper $ 
“You 


begin to get i 

g get more curious and seek clarifications 
You wish you could ask the authors: i 
a at S; YOU draft q 
etter an wal a wave of your wand, Send it of 
Not wanting to get into further details of the 
paper, you wish to get back to the initial computer 
book you started with. Before doing that you wish 
to make a note (or put a bookmark) at the journal 
paper. Again with a wave of the wand, you geții 
conveniently recorded. Finally, you observe that the 
journal paper disappears and you are left atthe right 
place in the first book that you started reading on 


back to the earlier document. With a 
wand, the detailed figure disappe 
are left with the encyclopedia you 
You find it becoming irrelevant, so 


how the computer works. A web user has a similar 
experience where the magic wand is replaced by he 


mouse and the magic table is your computer monitor 


operating systems. The class libraries are rich and powert 


enabling the quick and effective development 0 


applications. 


: fe ar 5 iJi ta 

Java is a derivative of C/C++: simple, familiar sy 
0 

fewer complex features. It does not have many 


Java is a simple, 
object-oriented 

language that has 
been designed to 
be portable, 


| obust, secure introduce bugs into almost all programs. 
Í r i 


l i and efficient. 


understood, confusing and rarely used fea 
are no pointers ın Java — only tightly b 
eliminates the possibility of overwriting memory an 
data unwittingly. Pointers have been the source o 
Cand C++ programs as well as the prima 


xi 
enough to help programmers express comple 


f distributed w 


xand wilt 


f the poorly 


tures 0 +. The 


10 
fraw P° j 
ry feature 
Java is § 


it 
“Ponse and nea 
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nd has an efficient automatic garbage collector based 
S a ene 4 
t scheme. In addition, unlike C or C+ +, 


array’ x 
memory managemen 


does not Support structures, enums or functions. Every pro- 
ava k object is an instance of a ‘class’ in object-oriented 
BT class definition permits both static and dynamic 
a and therefore full reuse of code. A class is a template 


that characterizes an object’s internal representation as well as its 
behaviour. The internal representation subsumes the role of a 
structure in C or C+ +. The behaviour of an object is essentially 
captured in terms of member-functions or methods in the class 
definition. In addition, an object template, that is a class, can also 
be defined in terms of other class definitions or properties or 
behaviour that can be inherited dynamically (or statically) if 
needed. Java is truly object-oriented in that many class defini- 
tions can be inherited dynamically. This combined with the 
inheritance of programs across the network from remote systems 
enables applets to be inherited during runtime. However Java 
does not support multiple inheritance whose semantics and usage 
has been quite controversial in other languages. Following the 
principles of structured programming, there are no go to 
statements, no automatic type-casting or operator overloading. 
Javais so versatile that one of the big programs first written using 
it, was its own interpreter and compiler. 


à Themost interesting contribution of Java has been in its runtime 


‘ystem: support for automatic memory managementand support 
p multithreading . The Java garbage collector keeps track of all 
dbjects generated, automatically freeing the memory used by 
at “cts that have no further use and are not referred to by other 
“isting objects, This contributes enormously to making the code 
p = In addition, the support for multi-threading enables the 
nt execution of programs that potentially have multiple 
a p control. Thus the garbage-collector is efficiently run as 
Sic : Spa process overcoming the biggest Gire of gar- 
iA based languages. Multi-threading is supported ja 
€ thread class libraries. It results in better interactive 

T real-time features. This enables Java to inter- 
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Why is Java called 
Java ? 


Java designer Jim Gos- 
ling couldn't decide on a 
better name than that of 


an oak tree growing 
outside his office window 
and called it ‘Oak’. 
However it ran into 
trademark problems for 
Sun Microsystems. After 
abitofa search he called 
it Java, slang for the best 
coffee that was imported 
into California from Indo- 


nesia decades ago. Ini- 
tially Oak was aimed at 
programming a hetero- 


geneous network of elec- 


tronic home appliances. 
This defined Java's char- 
acteristics as a small, reli-- 
able, real-time system. 


Java programs are 
portable because 
they can be 
executed on any 
system without 
change. 
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What is a URL ? 


A typical website ad- 
dress for a hypertext 
documentconsists of four 
parts. For example, this 
article is available over 
the internet at: http:// 
serc.iisc.ernet.in/ 
~mohan/java-art.html 
The first part (‘htip:’)is the 
protocol to be followed 
in accessing the docu- 
ment. The second part 
(‘serc.iisc.ernet.in’)) gives 
the domain address of 
the system which has this 
document. The third part 
(~mohan’) indicates that 
the document is in the 
home directory of the 
userwithalogin’mohan’, 
while the last part gives 
the filename ofthe docu- 
ment (‘java-art.htm!’). 
Such addresses are also 
called uniform resource 
locators (URLs) in the web 
terminology. Java appli- 
cations can open and 
access documents and 
objects across the net- 
work using these URLs 
with the same ease as 
accessing a local file. 


ce and support many featu 
network TERN : Se Operating SYstemg 
and 
Java programs are portable because they can be execut 
system withoutchange. The Javacompiler transforms a ON any 
sources into the instructions of an abstract processor Epro; 
Java virtual machine. Thus the compiled Java code is a the 
neutral. The bytecode instruction interpreter waved it 
processor type first verifies the consistency of the S ah 
program and then efficiently converts this code into B 
processor ineiructions before executing it. Java roaa 
robust because explicit memory manipulations by the program: 
mer aroprevented; memory addresses cannot be dereferenced tor 
can pointer arithmetic be used to access object contents, Array 
bounds are checked so that array indices are never out-of-bounds 
Java programs are secure: distributed applications have to exhibit 
the highest levels of security concerns. A bytecode verifier in the 
Java interpreter ensures that the compiled code is strictly language 
compliant, thus trapping all malafide modifications, more sothe 
computer viruses parading as legal code. In addition, by making 
the Java interpreter determine the memory layout of all objectsst 
runtime, all possible means of infering memory contents at 
compile time and appropriately accessing them at runtime at 
eliminated — these are the potent security holes in most 
executables. Using conventional languages to come up with such 
distributed applications as rigorous as Java has been io” ; 
is no wonder that Java is popular with Internet #7P° 
programmers. 


Java And Internet 

ent 
The Java programming language enabled the re 
authors to deliver small application programs 10 any e alit 
ing the pages of the html documents. The nee mio 
because it could create game scoreboards; oe post 
cartoons, audio files and video clippings: In pE wits gt { 
the way Internet and world wide web worke | 
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™ 
an ; Web Server with 
eb ORE pi th Java Applets 
Java App'e*: 
ly 7 | i i ve 
Í t me k] 
ray T ; 
tù 2 INTERNET) - 
cture nE d o 
© = ; : 
each J ra Java ES 
il a enabled enabled 
f 4 ae a browser browser 
ative | mo Javg HotJava HotJava 
8 are | 
ram- 
d nor 
Amy ` Mac Windows 95 X Windows 
und, 7 OSs Pentium Uni Eae 
as l Desktop ork Station 
zhibit op a 
in the K ag 
F : 
guig: Kaea 
so the ih etl 
aking Java enabled browser gives a uniform and 
ectsat universal interface to the World Wide Web over the 
Internet. 
nts at 
ne are 
most) tecturally neutral compiled code to be dynamically loaded from 
hst anywhere in the network of heterogenous systems and executed 
8 
ult l transparently, i 
applet 


One of the popular web browsers is the Hot Java entirely written 


Java. This browser brings out the best of Java and Internet 


Programming, It incorporates the Java runtime system and thus 
ws a ne to execute Java applets embedded within himi 
a The potential applications muh can Es written 

TR amg enormous: Secure commercial transactions span- 
: a multiple nations and continents are easy, more so those 
i ot | Econ cash. Based on it we can develop applications 

gh Versio ne San Be metered across the network — he latest 
n being available from the nearest easily accessible host 


Making an Active 
Web Document 


An active Java or htmi 
document is essentially 
a text file with html com- 
mands for accessing 


links, displaying various 
text strings in different 
fonts and colours as well 
as graphical objects. This 
is along with support for 
interactive execution of a 
variety of application pro- 
gram fragments. This 
makes the document 
come alive with video 
and sound while brows- 
ing. Thus a book on 
Assamese folk music can 
have music programs or 
applets embedded in the 
document. When you wish 
to hear a representative 
piece, youcanexecuteand ; 
hear it on your system. : 
Writing such an applet in- 
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In the near future, 
a sizeable part of 
our professional 
activity will be over 
the Internet, and 
our success 
depends on our 
ability to adapt to 
and use the Internet 
technologies. 


(which may change with every access dependin 

traffic conditions). Intelligent Agent applets ae a the Neto, 
so that they can comb the network for the latest ee 
information as well as in doing routine decision may. 
filtering out junk information) and chore handli SA (like 
backups or monitoring particular sites for inon E TOutine 
The size of the basic interpreter is about 40KB and A alerts) 
libraries for multi-threading add another 170KB. a 


Most Useful 


anl the clout and support of Sun Microsystems has been th 
main reason for the success and popularity of Java and the S 
Java browser, the ease with which it was adopted by various 
programmers over the Internet forced rivals like Netscape Com. 
munications and Microsoft to accept it. The latest version ofthe 
Netscape Navigator web browser supports Java applets. In addi- 
tion, Netscape Communications came up with an augmented 
design of Java called the Javascript language. However, Microsoft 
has been pursuing a project code named Blackbird that is 
expected to be a strong competitor to Java and its derivatives 
Blackbird is a complete authoring and publishing environment 
that harnesses all the features of Windows 95 and OLEJI. 
Internet technology watchers predict a product war in the neat 
future wherein Blackbird applications over the Internet, mores? 
in the world of business and financial transactions, are expected 
to dominate and perhaps almost kill competitive products, som 
thing like what Windows 95 and Microsoft Office have eo 
their contemporaries today. But one outcome is certati E 
Web has become the computer —and costly desktop oe 
soon be replaced by a simple computer connected to the E 
costing less than Rs 20,000 and capable of executing MA f 
dynamically loaded from anywhere in the world. E 

companies will sell computing capabilities (viZ. pe. We 
ing, visualization, data mines, information ie y i 
Internet cable even as our electricity boards sej | 
power, albeit more reliably. This means 


: KA :1] be over 
sizeable partofour professional activity will 


¢ 
Ai 
r adapt to and us 


and our success depends on our ability t 


ed 
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URE | ARTICLE 
ie If th infrastruct i 
logies. If the necessary infrastructure gets in 

et techno ; i 
vork jater on, India will have caught up with the rest of the world Suggested Reading 

s0 r J i 
Med Jace i iy e arrived in the global information society. Tim Ritchey. Java!, New 
sefy and WI Riders Publishing, In- 
(li, 9 diana, USA. 1995. 
‘i pow to Learn More about Java 
erts), y : 
dard The best source for learning more about Java is the Internet 


nich has many Java application servers: Access the website: 
wh! 
nttp://java.sun.com and youcan getall hohe, and thesoftware Address for correspondence 
nte | (including a HotJava browser, a Java compiler, class libraries etc) TS Mohan 
e Hot | for free. In addition you can join electronic mailing lists and Supercomputer Education 


tow | newsgroups to interact with others around the world who work on and Researdi cenre 


Bangalore 560 012, India. 


; oe Indian Institute of Sci 
Com: Java. The book Java! by Tim Ritchey, New Riders Publishing, an aiee 


of the 
addi 7 
ented 
rosoft 
hat is 
atives. 
ment 
LEO. 
e near 


Indiana, 1995 is one of the first few books on the language. 
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Molecule of the Month 


Maitotoxin - Holder of Two World Records | 


F Chandrasekhar 


ee! 


The structure of a la 
J Chandrasekhar is at the 3 f rge and extremely toxic n 
Department of Organic product is described. atura 


Chemistry ofthe Indian 


Institute of Science, ; ll ; 
Bangaldre! Nature is an excellent synthetic organic chemist, Using mild 


reaction conditions and a few elemental combinations, a lap | 
variety of complex molecules are made in and around Us, a 
atoms are put together in precise arrangements to enable the 
molecules to carry out different tasks with remarkable specificity, 
The treasure house of natural chemicals contains delicate 7 
perfumes, spectacularly coloured substances, medicines for 
numerous ailments and also the deadliest of poisons. It is a 
stimulating and challenging exercise to determine the molecular 


structures of various substances and to relate them to their 
properties. From a chemical point of view, even poisonous 
compounds are interesting. 


The most venomous substances associated with snakes, 
: 0 
scorpions, and even some bacteria and plants have a comm 


: teins. À 
structural feature. These compounds are im fact probe 
nown. Palytoxt 


However, many non-peptide toxins are also k i 
ds till recent 


was considered the most toxic of such compoun 


l 
is one of several poisonous marine natural E : 
compound named tetrodotoxin, found in puffer i E 
well known example. It was shown to be the culprit te i 
cases of food poisoning associated with consumpti ofdat 
The molecule which should perhaps head the Bair i 
| | Froma chemical natural toxins is maitotoxin, named after the 
ji point of view, even maito. z 
; oisonous ug | 
4 acim are Maitotoxin was first discovered in 1976 from the wl | 


Jated from 2 


interesting. Ctenochaetus striatus. It has also been 1S0 
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D 
i mbierdiscus toxicus and has been purified using HPLC! ' High performance liquid 
a | i > S i 
of ‘ological investigations and physicochemical studies to chromatographyis an excellent 
x1 > roced J 
Loe the molecular structure have been carried out on °°" to pug a 
determine i : ponents from a mixture. Itis an 
S Fi purified samples. Maitotoxin turns out to beremarkableboth essential tool in natural 
f ae structure and its biological activity. products research. 
or 
Atura yaitotoxin is lethal. In the units normally used to specify 
! ; ó 
toxicity, the LD,, value leet dose to i aM of subjects) 
is 50 nanogram (10 °g) per kilogram of mice. Since a mouse 
mild ysually weighs no more than 20 g, one can state the result of the 
lary | experiment in a macabre fashion: a gram of maitotoxin can kill 


8, The approximately half a billion mice! No non-peptide natural 
le the | product has such lethal potency. 


ificity, 
elicate 
es fr | appealing for a different reason. It is the largest molecule made by 

t is a nature, leaving aside bio-polymers like polypeptides and 

lecular | polysaccharides. The molecular weight of maitotoxin is 3422 

o their Daltons.? Thus, the molecule currently holds two world records: 2 One atomic unit of mass is 
sonos | itis the largest non-biopolymeric natural product and the most Called a Dalton. 

lethal non-peptide natural product. 


Even to the chemists who abhor violence, maitotoxin is 


wa 


snake, | The full 3-dimensional structure of maitotoxin has not yet been 
mwt | solved using X-ray crystallography. But the basic molecular 
roteln à skeleton as well as the complete stereochemistry (relative 
lyst | disposition of atoms at chiral centres) have been fully worked 
tsi | out. Using infrared, ultraviolet and mass spectra, many key 
qs 4 | features of the structure were determined. More details of the 
‘tucture could be obtained only through nuclear magnetic 
mero | Tsonance Spectroscopy, especially through extensive two- 


é | di i 
at pensional (2D) NMR techniques. Molecular mechanics 
da! | “culations were also imagi 


y 3 3 Vicinal coupling constants 
natively usedtointerpretthecoupling gre related to H-C-C-H di- 


‘a fs! | Cons i i 

jan tant patterns as well as Nuclear Overhauser Effect data. Itis  hedralangles throughasimple | 
ee ‘lumph of modern spectroscopic methods that the ae ire poz l 

af “Stuctureofa molecule with such complexity can besolved. Be iat BS ee j 

| dc he between non-bonded hydro- f 

i ross structure of maitotoxin is shown in Figure 1. The gen atoms. ‘2 
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molecule contains numerous fused saturated rings. To keep 
track of different portions of structures of polycyclic molecules, 
organic chemists usually label the rings A, B, C, etc. The rings in 
maitotoxin exhaust the English alphabets and so the labelling has 
to go beyond Z to A’, B’ and so on up to F’. Note the presence 
of numerous oxygen atoms. There are 32 ether linkages and 28 
hydroxyl groups. These are evidently involved in the interactions 
of the molecule with cations. It is not acoincidence that the 
biological activity of maitotoxin is linked to its ability to elevate 
intracellular Ca2+ concentration. The molecule is likely to be an 


excellent model for probing cellular events associated with Ca?* 
flux. 


Maitotoxin 
holds two Wo 
records: it ig the 
largest non- 
biopolymeric Natur 


(a 


Urren 
rid 


product and fhe i 


most lethal non- 
Product, 


Figure 1. Molecular struct 
of maltotoxin. Not qj ' 
stereochemical relation. / 
ships are shown. 
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S 
` Classroom 
f 
turaj 
In this section of Resonance, we invite readers to pose questions likely to be raised 
in a classroom situation. We may suggest strategies for dealing with them, or invite 
| Ye : 
| responses, OT both. “Classroom” is equally a forum for raising broader issues and 
| sharing personal experiences and viewpoints on matters related to teaching and 
learning science. 
I 
ructure 
oe , | Pressure Melting and Ice Skating 
on- 


In cold countries, ice skating is a popular sport. The skater is 
supported on two metal ‘blades’ which move over the ice with 
amazingly low friction, allowing very rapid and graceful move- 
ments (and disastrous falls!). For generations, the text book 
explanation of this low friction has been the fact that ice melts 
under pressure ( most other substances freeze under pressure). 
The extract given below, from a recent article by S C Colbeck in 
American Journal of Physics (63 (10): 888 October 1995) tells us 
; that the physics of ice skating is richer, and hence more interesting, 
than mere pressure induced melting. 


“While pressure melting is commonly thought to be the mechanism 
"sponsible for the low friction of ice, there are many arguments 
againstit. The high pressures required would cause failure of the ice 
Unless it is wel] confined by the blade. If the ice and meltwater are 
confined, just below -20° C liquid water cannot coexist with ice at 


an The physics of ice 
mH Pressure because the high-pressure forms of ice appear. If the Bb is e j 
€ i skati riche: ’ Í 
p chanism does operate, the high pressures would cause high rates Ag | 
W ; ; and more i 
; ee loss by squeeze in very thin films. Frictional heating by A | 
» De of the water films is much more plausible, as shown ng, i 
ntitatively b A oe mere pressure ; 
y the example with equal contributions by the two | 
Mechanisms”. i induced melting. fi 
i 
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Ravi Divakaran, 
of Chemistry, St. Albert's Col- 


lege, Eranakulam 682018, 
Kerala. 


It appears that the 
decrease in the 
volume of air 
inside the glass 
depends on the 
number of candles 
lit (about 15% for 
each candle lit) 
and not on the 
oxygen content. 


Department 


? Bunsen Burner- Revisited 


This is in response to the article titled 
Bacteria and the Bible” written by Milind 


“On Bunsen B 


MS (3 » $, Watve 
in the “Classroom” section of Resonance, Febr 


teacher of chemistry, I read the author’s obse 
textbook experiment to determine the percent 
air, with great interest. I carried out this experi 
follows: 


llth 
Which appa 5 


Uary 1996, 
Tvations on 
Ree! Oxygen in 
Ment Carefully ` 


What immediately occurred to me was that drinking plas 

usually havea tapered shape and therefore equal disana ni 
off on its wall may not represent equal volumes. Secondly, the 
candle inside the glass will take away some volume and therefore 
I assumed that introduction of a second candle, as reported by 
Watve, must have decreased the effective volume further and 
contributed to the increase in water level noted. 


Luckily, I could get hold of a fancy, glass tumbler with vertical 
walls, which I used for my experiments. In order to eliminate the 
differences in volume due to the candlesticks, the following 
procedure was adopted. Three candle sticks with heights about 
half that of the tumbler were taken. These were placed inside the 
tumbler which was then filled with water. The candles were thea 
taken out and the level of water inside the tumbler fell. The 
volume of water now represents the effective volume inside the 
tumbler when the three candles are covered. This height a 
marked off from the open end of the glass and civilian 
equal parts to provide 10%, 20%... 100% readings by su ; 
strip of paper along the wall with zero at the open ene 
dal 
The three candles were stuck to the bottom ofa e ] 
were always present during the experiments so as . eg 
volume changes due to the number of candles nee sitet! 
of water was then poured into the trough. One ae c 
covered with the glass tumbler carefully. When m 
extinguished, water rose in the tumbler and occup 


U 
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a F 
effective volume after a few minutes when the apparatus 
of a down to almost room temperature. This was repeated 
p times, each time replacing the water at the bottom of the 
2 7 ei with a similar fresh quately in order to avoid any pis. 
a4 dissolved co 2 ates and lighting only one candle. Each time, 
0 the the water level inside rose to occupy about 15 to 18% of the 
En in effective volume. 


llya Pit: lag: Figure 1 Alrescapesatthe 
| ‘The experiments were then repeated, this time lighting two bottom when a tumbler is 


| candles at a time. Water level in this case rose to occupy nearly lowered over a candle in a 
lss | 30% of the effective volume. The experiments were then repeated trough of water. 
atked | by lighting all the three candles. It was observed that the water 
Y, the level now reached about 45% of the effective volume. It thus 
refore | appears that the decrease in the volume of air inside the glass 
edby 7 depends on the number of candles lit (about 15% for each candle 
rand lit)and not on the oxygen content. 


One possible explanation for the phenomenon may be as follows. 
tial | One invariably takes a few seconds to lower the tumbler over the 
tethe | candle, during which time the air inside it expands and escapes 
owing | atthe bottom as indicated in Figure 1. When the mouth of the 
about | glass is closed by the water level and the candle stops burning, the 
dete | airinside cools and contracts. Thus the rise in water level inside 
ethen | theglass represents the air that escaped due to expansion. When 
, The à more candles are lit, the heat increases proportionately, driving 
dette | ‘Way a proportionate amount of air from the tumbler. It so 
atv | happens that the expansion loss per candle flame is about 15 to 
nt010 | l8%and is close to the estimated oxygen content of air when only 
king? | ne candle is used. Water level should rise slowly during the 


men While the candle is still burning if it is due to the it so happens that the 

“Veen being used up. It was observed that there was little rise expansion loss per | 
nd Mhile the candle was burning, but the water level rose all of a candle flame is about | 
day | Udden ag Soon as it was extinguished. 15 to 18% and is close 
a R to the estimated | 
a as when hydrocarbon in the candle burns, C +0,CO, oxygen content of air l 
n ee the volume of water producedas itis liquid ) for every when only one candle 


le of oxygen used, one molecule of CO, is produced and is used. j 
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When hydrocarbon 
in the candle burns, 
for every molecule of 
oxygen used up one 

molecule of CO, is 
produced and 
therefore there can 
be no change in 
volume. 


G S Ranganath, Raman 
Research Institute, Bangalore 


Discussion of questions 
raised in the Classroom 


section of Resonance 
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Mohan Devadas, SBM Jain 
College, Bangalore. 
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there can be no change in volume. Indeed this 


ha 
to be the case when charcoal is burned ‘imal Sbeeny 


; a gas j 
over mercury. When water is used, it may absor a 


CO, because of its greater solubility compared 
been documented that when a burning splint 
inside a closed gas jar, the remaining air conta 


of the 
F a8 9 
s is Extinguish i 
ins only 25% C9 
l 


to air, Ith 


and 17.5% oxygen still remains! 


Thus it appears that the experiment which has been 
students over all these years does not represent th 
content of air at all! 


taught tp 
© Oxygen 


Suggested Reading 


J R Partington. A Text-Book of Inorganic Chemistry. 6 ed, ELBS, 1943 


Especially see pages 620 and 622. 


? In introducing the Bohr theory of the hydrogen atom, one 
makes a postulate that electrons in certain special orbits 
around the centre do not radiate. How does one reconcile this 
with what students have already learnt about radiation? 


From Bohr’s theory we can calculate v = (E-E, P Ne 
frequency of electromagnetic radiation emitted by the atomima 
transition from n? to (n-1)® state. For large values ofn "a 
(verify) the radii and the energies of the n™ and (n-1)* states i 
be very nearly the same and v becomes equal to the Kra 
the orbital rotation of the electrons. This is the Er 
expected fromelectrodynamics. Henceat Jargequantun imi 


A o lly; ths 
; i i s. Incident’ 
Bohr’s theory agrees with classical mechanic a rial 


is the central message of Bohr’s Corresponde 
fhe 


tes 
ty in action, one 1 


? n example of special relativi 
oe i : less than ten nan yo 


case of the muon, with a half-life of 
(1 nanosecond = 10° sec). Travelling at j 
light, it should only be able to cover a few 
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osmic ray physicists are able to detect muons which have 
c 


pe | lled several kilometres, from the top of the atmosphere. Is 

a a example of length contraction or time dilation? 
«this 

Say F 


for an observer on earth it is an example for time dilation. 
0 


C0. fowever for an observer on the muon it is an example for length 


` ontraction. Hence the answer is observer dependent. 
o 


shti 1 Carbon monoxide has a small dipole moment with the J Chandrasekhar, Department 


negative end at carbon. How can one explain this result? of Organic Chemistry, Indian 


Institute of Science, Bangalore 
560 012. 


Inaheteronuclear diatomic molecule, A-B, the charge distribution 
vould be unsymmetrical. The bond(s) would be polarised such 
1963 that there is greater electron density near the atom with the 
" higher electronegativity, say B. Atom B would therefore have an 

excess negative charge (6—) with a corresponding positive charge 

— | mA. The dipole moment of the molecule would then be Rô, 
mone | where R is the internuclear separation or bond length in A-B. 


Discussion of questions 
raised in the Classroom 
section of Resonance 


orbis | The negative end of the dipole is obviously B. Vol. 1, No.2. 
le this 
") Using the above arguments, the dipole moment of CO is expected 


tobefairly large with the negative end at oxygen. The experimental 
Ihe | finding is different. One possible interpretation is that the 
mina | @nonical form (or resonance structure) with a negative charge on 


ve find; ae makes a significant contribution to the electronicstructure 
atesto | OECO, 


C=O <—> -C =0+ 


ss a explanation is only partly correct. There is a more 
ly, ts Bir reason for the failure of the qualitative arguments. An 
w an in the preceding description of dipole moments 

ee excess electron density was assumed to bea point 


tha 
teste E the nucleus. This is reasonable only if the charge 


le. 


f 
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acort tet a £ Symmetrical about the atoms. In reality, the | 
et! [oh e distribution is considerably uneven. This has | 
s tite dipole ay account in order to get the correct estimate of 

Oment of a molecule. 
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The total dipole 
moment is the net 
sum resulting from 
positive nuclear 
charges, 

contribution from 
effective negative 
charges assuming 
the electron densities 
to be centred around 
the nuclei and a 
hybridisation 
correction. 
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ass,p,d... areat the corresponding nuclear 
this is not the case in hybrid orbitals. One ca 
the shapes of hybrid orbitals (¢.g.sp orbital) 
than the other that the centroids are shift 
nucleus. While computing the electronj 


With One lob elar 
ed away from 


; C contributi 
dipole moment, the magnitude of the charge as Paton 


average location have to be considered. The on a3 
shift in the electronic centroid is sometimes al 
hybridisation contribution to the dipole moment, = the 
dipole moment is the net sum resulting from positive br 
charges, contribution from effective negative charger eae 
the electron densities to be centred around the nuclei a 


hybridisation correction. The individual terms cannot b 


experimentally measured. But they can be calculated Using ; 


quantum chemical methods like molecular orbital theory, The 
computed data give us insights into the nature of bonding in 
molecules. 


From such calculations, we get the following bondin 
description. The o and the two x bonds of CO arepolarisedmor 
towards oxygen, as expected. There are two other filled valent 
orbitals. For the sake of simplicity, they may be viewed 3557 
hybridised lone pair orbitals on oxygen and carbon. The ct 
troids of these orbitals are located beyond the CO ma 
significantly away from the corresponding atoms: Tee 
of the carbon lone pair is displaced to a greater a 
resulting hybridisation correction is so large in this a A 
thatitreverses the trend from the effective charges 07 a 
The total value of the dipole moment is small and t° 
atom is at the negative end. 


The consistency of the above descrip 
considering the dipole moments of 0 
the C=O fragment. In molecules like formal’ ale Pi 
there is no lone pair on carbon. The total ” o 
determined primarily by the effective charges ° 
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CLASSROOM 


om is the negative end of the dipole in these type of 


xygen at aed 
i as expected from electronegativity of the atoms 


polecules, 


ina laser beam, many prio a with the same 
direction, frequency and polarisation. Is this an example of 
gose-Einstein condensation (BEC)? 

A laser beam indeed has many photons in the same quantum 
state, and these obey Bose statistics. However, Bose-Einstein 
condensation is an equilibrium phenomenon in which the particles 
are given enough time to exchange energy with each other or with 
some other system. The situation in a laser is quite different. The 
active medium is pumped, i.e driven to excited energy state, by 
asource of optical, electrical, or even mechanical energy. It then 
produces the laser beam which escapes, surely a highly non- 
equilibrium situation. 


However, if we allow photons to come to equilibrium with each 
other, the result is black body radiation. The distribution of 
particles as a function of energy is smooth, and does not have the 
spike at zero energy which is the signature of Bose-Einstein 
‘ondensation. The reason is that as we cool the box the photons 
an disappear by absorption in the walls. The mean spacing 
between Particles increases. This offsets the effect of the increase 
m the de Broglie wavelength on cooling. In the case of an 
‘dinary gas the number of particles is fixed and hence also the 
a eras: (see the Research news item in the February 1996 
: AS We cool, we get condensation. 


———-_ eee 


i 3 Collection of non-interacting Bose particles exhibit BEC 
W temperatures, How is this possible in the absence of 


ternon; 
i "Particle forces? One usually assumes that an ideal gas 
“not condense. 


€ questi d 
ton of how particles with no forces between them can 
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condense is indeed a deep one. The rules of 
us that the presence of one particle in a st 
or encourage (Bose) the presence of a second identi er 
which therefore "knows" about the existence of the lcal Pati, | 
these rules of quantum theory have been known for, € first. k | 
there is no deeper model of this behaviour, T a long ting 


qua 
ntums tisti 
ate can forbid F x 


b he fact tha 
quantum system must be regarded as a whole, even h ata 
d : en 
are non-interacting, is called "non-locality" and it ins 
0 ; a 
other situations as well, eg. the famous EPR( Ppeats iy 


Einstein, P 
Rosen) paradox. sy 


ima Optical illusions ... 


m (2) (3) 


We see that the rows seem to alternatively converge to the right and left edges. This 


illusionis sensitive tothe contrast and the pattern of the repeat unit. {tis absentwhen 
e Nos. 4, 5and 


t is off 


there are grey squares as seen in No.3 above. When we compar 
6 the illusion appears to be greatly diminished in No.6 where the white do 


centre. (T N Ruckmongathan, Raman Research Institute.) 
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This section of Resonance is meant to raise thought-provoking, interesting, or just 
day plain brain-teasing queson Aree mO and discuss answers a few months later. 
Readers are welcome to send in suggestions for such questions, solutions to questions 
already posed, comments on the solutions discussed in the journal, etc. to Resonance 

Indian Academy of Sciences, Bangalore 560 080, with “Thi ” wri 
; y ink It Over” written on the 
cover or card to help us sort the correspondence. Due to limitations of space, it may 
not be possible to use a the material received. However, the coordinators of this 

section (currently A Sitaram and R Nityananda) will try and select items which best 

illustrate various ideas and concepts, for inclusion in this section. 


A E 


1 Capillarity From Rajaram Nityananda, 
Raman Research Institute, 
Bangalore. 


Weare all taught the phenomenon of capillarity, in whicha liquid 
rises in a narrow tube, when it ‘wets’ the material of the tube. The 
formula for the height is h=2T / (r p g). T is the surface tension 
of the liquid, r the radius of the capillary tube,g the acceleration 

\ due to gravity, and p the density of the liquid. Here are two 
questions relating to this everyday phenomenon. 


l) 


give What happens if the height of the tube is less than the value 


3 nby the formula above? Would the liquid squirt out? (Beware 
Perpetual motion!) 


e liqui 
ei one does not appear to contain any property of the 
cause k which the capillary tube is made. This is surprising, 
urely it is the attractive force between the material of the 


be and as ie 
| Bains, aan which is responsible for the liquid rising 


) Th A | 
i th € formula contains the quantity 7, which is a property of 
oe What is going on? 

se 
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From Rajeeva L Karandikar, 
Indian Statistical Institute, New 
Delhi. 


Mohan Delampady, Indian 
Statistical Institute, Bangalore. 


Discussion of question 
raised in Resonance 
Vol. 1, No.2. 
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2 To Switch or Not to Switch 


You area winner in the preliminary round ofa TV 
the host gives you a chance to win the super prize: 
are shown three doors numbered 1, 2 and 3. Behin d 

is the car. You are asked to choose a door. Ifthe chanel ofthe I 
one hiding the car, you win the prize. Ooristhe | 


game showa 
a fancy car, You 2 


You choose, say, door number 2. The host of the showthene.. | 
“First, let us see what is behind door number 1?” He me |i 
you see that the car is not there. Now he asks you: “ Do you F | 
to stay with your initial choice (number 2), or would you fh | t 
switch to door number 3?” What would you do? | 


Does this have a familiar ring to it? May be the ‘Prisoners | 
dilemma’ has the same logic. i 


3 Prisoners Dilemma 


Three prisoners,A,B and C are each held in solitary confinement.A knows that 
of them will be hanged, but one will go free. However, he does not know who wilg | 
free. He thus reasons that there is a 1/3 chance of his survival. Anxious toknowhis J 
fate, he asks his guard. But the guard will not tell A his fate. A thinks and pustit 
following proposal to the guard: “If two of us must die, then I know thar either Bo 
C mustdieand possibly both. Ifyou tell me the name ofjust oncof tiene a 
to die, then I learn nothing about my fate; and since weare keptapart,Lcannoti : i af 
them of theirs. So tell me which one of B or C is to die?” The guardacoepis ti K 
and tellsA that C is to die. A now reasons that either he orB will live. Thusa™ 


has a 1/2 chance of survival. Is A’s reasoning correct? 


Hit what ihe ust 
A’s argument is incorrect. He hasn’t considered 4 


might say if both B and C are to die. 
argument is needed to analyze this puzz 
thatA and B are to die and define BC an 
the event that the guard says ‘C is to die’. Then 


P (Alives|D) = P (BC|D) pore 


p(eGandD) =e 


= ree) 
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|} yore that 


=P(D|A B)P(AB)+P(D|BC)P(BC) + P(D |AC)P(AC) 


D) 
4 _P(D|BC)P(BC) + P(AC) 


roy f 
Ethem | A = r 
cil joe PAB) = 0 and P(D|AC) = 1 . Therefore, 


P (D|BC )P(BC ) 


P(Alives|D) = 3 
na | P (D|BC )P(BC ) + P (4C) 
Sitand f ; 
uwan il since A initially believes that they all have an equal chance of 
likey, || surviving, it follows that P(AB) = P(AC) = P(BC) = 1/3. Ifhe 
| further assumes that the guard is equally likely to say ‘B is to die’ 
and ‘C is to die’ if BC is to occur, then P(D|BC) = 1/2. 
soners {| Therefore, 

(1/2) x (1/3) 


P(BC|D) See 
(1/2) x (1/3)+ (1/3) 


1 
me 


That is, his probability of survival should be 1/3 still. Note, 
towever, that he might not hold P(D|BC) = 1/2 . Then other 


values of P(BC |D) are possible. When does he obtain P(BC ID) 
8 1/2 ? 


s that two 
ho will go 
know his 
d puts tie 
itherBot 
yiscertad I) 


jotinfore 

at f | Count Rumford burns his tongue ... 
AY 

usA w | Water was considered a good 


conductor of heat until, in the last years 


of the eighteenth century, Count 


pilit 
A ; Rumford burnt his mouth when eating 
(4 4 
etd apple pie; he then decided to do some 


experiments ‘to show that water, and 
Probably all other liquids, are non- 
Conductors of heat’. (From Stories from 
Science IV by Sutcliffe and Sutcliffe) 
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Evidence for Bird Mafia!* 
Threat Pays 


Raghavendra Gadagkar and 
Milind Kolatkar 


Birds are remarkable for their extraordinary 
efforts at nest building and brood care. Given 
that so many species of birds spend so much 
time and effort at these activities, there is 
plenty of room for some species to take it easy, 
lay their eggs in the nests of other species and 
hitch-hike on their hosts. The cuckoo that 
lays its eggs in the nests of a variety of host 
species is well known. Indeed, over 80 species, 
i.e., over 1% of bird species are known to be 
such obligate inter-specific brood parasites. 
These include two sub-families of cuckoos, 
two types of finches, the honey guides, the 
cowbirds and the black-headed duck. Because 
parasite species often use more than one host 
species, more than 1% of bird species act as 
hosts to brood parasites. Inter-specific brood 
parasitism has evolved independently at least 
seven times in birds and can havea significant 
effect on the populations of the host species 
and even lead to their extinction. Although 
hosts sometimes detect and eject alien eggs, 
their success in ridding their nests of parasite 
eggs is often very limited and that is why 
brood parasitism has survived as a way of life. 
One reason for such limited success of the 
hosts is the exquisite mimicry often exhibited 
by the parasites whose eggs are virtually in- 
distinguishable from those of the host. What 


* Abridged version of an article which appeared in 
Current Science — reprinted with permission. 
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species lay eggs that look noth ae 
host’s eggs and yet getaway with Res te 
hosts have not perfected the art Pe 
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all or most of the alien e 
Ses. But 
this be so? 4 an 


Amotz Zahavi has suggested the hypothesis 
that parasites such as cuckoos may repeatedly 
visit the parasitized nests and destroy the ` 
eggs of the host if it has ejected the parasites 
eggs and not do so if the host has accepted 
them and is taking good care of the parasites 
eggs/chicks. In the presence of such a parasite 
‘Mafia’, hosts who are incapable of defending 
themselves against the attacks of the parasite 
may find it better to acceptsome parasite egg 
and additionally rear at least some of their 
own rather than lose all their eggs in the 
parasite attack. There has recently been | 
attempt to test this Mafia hypothesis us 
the great spotted cuckoo Clamator E 
and its host the black-billed magp® i 
in Spain. There is evidence that cucko eck tt 
nests where they have laid ege andp , 
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5 cuckoo eggs in its nest appears to 
e options - accept the parasite’s eggs 
oth magpie and cuckoo chicks, eject 


pat find 
pave thre 


rear b 
a eggsandrearonly its own offspring 
e 


bandon the nest altogether and start all 
ora 


over again. 


When magpies ejected cuckoo eggs, 86% of 
their nests were attacked by the cuckoos but 
when they accepted cuckoo eggs, only 12% of 
their nests were attacked, a difference that is 
satistically significant. Predation rates were 
ofthe order of 22% in non-parasitized nests. 
All magpies re-nesting after loss of eggs to 
cuckoo predation accepted cuckoo eggs with- 
out ejecting them or abandoning their nests 
inthe second breeding attempt. But did the 
cuckoos destroy magpie eggs just to get the 
magpies to re-nest and provide another op- 
portunity for them to lay their own eggs? If 
inducing the magpies to re-lay was the main 
objective, magpie nests, early in the season 
(which have a higher probability of re-nest- 
ing)rather than those late in the season (which 


: have a substantially lower probability of re- 


testing), should suffer higher rates of attack 
bythecuckoos. However, late nests suffered a 


‘lightly higher rate of predation compared to 
rly nests. 


N that accepted the cuckoo eggs pro- 
k a + 0.10 (mean s.d.) fledglings per 
ied ; those that ejected the cuckoo eggs 
ia 29 + 0.29 fledglings per nest and 
os ad that abandoned their nest and 
Over again produced 0.40 + 0.31 


(y . 
gli 
nes per nest. The measured reproduc- 
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te 


tive success of theabandoners should be halved 
at least, because the probability of recruit- 
ment of offspring into the breeding popula- 
tion decreases dramatically as the season 
progresses, thus giving us a figure of about 
0.20 fledglings per nest for the abandoners. In 
other words acceptors, ejectors and 
abandoners have about the same reproductive 
success values that are not significantly 
different statistically, 


A more powerful approach is to experimen- 
tally remove cuckoo eggs from some parasit- 
ized magpie nests and do no such thing ina 
group of control, parasitized nests. When this 
was done, nests from which cuckoo eggs were 
experimentally removed (equivalent to ejec- 
tors) produced 0.85 + 0.28 fledglings, while 

the control nests (equivalent to acceptors) 
produced 0.54 + 0.24 fledglings per nest. 
These numbers are also not significantly dif- 
ferent statistically. Does not the lack of 
significant differences between the acceptors, 
abandoners and ejectors in the natural 
population and the experimental and control 
nests in manipulated samples weaken the 
Mafia hypothesis? Not really; it would be 
naive to expect the Mafia to be so powerful as 
to destroy every magpie nest from which 
cuckoo eggs were ejected. Not only would this 
be biologically unreasonable, but it would 
also lead to acceptance behaviour on the part 
of all magpies and that has not happened (see 
Figure 1). Instead, it is far more reasonable to 
expect the Mafia to work with less than 
perfect efficiency, with the result that ejectors, 
acceptors and abandoners would coexist. 
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Figure 1 Rates of parasitization, acceptance, 
ejection and abandonment in the study popu- 
lation in Hoya de Guadix in Spain during 1991- 
1992. The host, the black-billed magpiePica pica 
and the parasite, the great-spotted cuckoo 
Clamator glandarius are also shown. Data from 
Soler et al (1995). 


Indeed one can imagine that acceptance 
begins to pay better if everybody else is 
ejecting and ejection begins to pay off if 
everybody else is accepting. 


Thus, the prediction of the Mafia hypothesis 
would not be that acceptors fare better than 
ejectors but that acceptors should not fare any 
worse than the ejectors. This latter prediction 
is supported by both the natural population 
study as well as the experimental study. 
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potrices and Tensors Made Easy 
} ae ap ee 
| Arvind 


Matrices and Tensors in Physics 
A W Joshi 
New Age International Publishers 
Ltd, and Wiley Eastern Ltd, 
New Delhi, pp.342, Rs.135. 


While writing this review, I asked myself: 
when does one first encounter matrices as a 
student of physics, and how well equipped is 
, onetohandle them? I recalled that the moment 
of inertia was the first matrix I encountered, 
and even though I had learnt about matrices 
in detail at the plus 2 level, I felt rather ill 
equipped to grasp their significance. Tensors 


fia! aealways projected as difficultand something 
which mainly general relativists have to learn. 


Anearly introduction to matrix language helps 
oi in appreciating concepts like moment of 
a , mertia, polarizability, normal modes of 


‘ystems of coupled oscillators and gives a 
i, deeper insight into the unifying principles of 
Classical physics. Understanding the role of 


Me: Stations inidentifying the principal moments 
17, 1 of inertia or the basis in which the 
PE bility. tensor (3x3 matrix)is diagonal, 
A 3 ty important and requires a familiarity 
a ith Matrices. In the long run, familiarity 
a Mththe powerful techni ues of matrix algeb 

64, Jo Makes it q atrix gs: ra 
refot E” i easy to learn quantum mechanics. 
cot tal modern books on quantum mechanics 


Wi A : 
‘erg th systems with a finite number of 
Y levels and use matrix algebra to 
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introduce quantum concepts instead of 
following the more standard approach of 
differential equations. The book by JJ Sakurai 
(Modern Quantum Mechanics) is one such 
example. 


Tensors may also be very helpful in handling 
things as simple as cross products of vectors; 
the introduction of the completely 
antisymmetric third rank tensor €u makes 
lifesosimple in manyelementary calculations 
involving cross products that one finds oneself 
using tensors without trepidation! The 
covariant formulation of electromagnetic 
theory is a beautiful example where thesimple 
use of tensors gives a lot of insight into the 
structure of Maxwell’s equations. 


It is thus very important to have access to a 
good text book on matrices and tensors which 
presents the material in aclearand application 
oriented style. This is the slot that this book 
fits into; itrequires a knowledge of plus 2 level 
mathematics and introduces most of what is 
needed to start understanding those areas of 
physics which use matrix and tensor language. 
It is best suited for B.Sc. and M.Sc. physics 
students. 


The book starts by introducing elementary 
notions of vector spaces and defines matrices 
as acting on these spaces. This in itself is a 
useful departure (from the physics angle) from 
the plus 2 level approach of directly dealing 
with matrices. This makes the transition to 
higher rank tensors easier. Topics like 
determinants and the solution of sets of linear 
equations using matrix techniques, which the 
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reader is likely to be familiar with at some 
level, are dealt with in detail. The important 
and useful procedures of diagonalising 
Symmetric/hermitian matrices using 
orthogonal/unitary matrices, the significance 
of eigenvalues and the correspondence of 
hermitian symmetric matrices with quadratic 
forms is discussed in fair detail and no 
background is assumed. Useful ways of 
partitioning a matrix into submatrices and 
using this to simplify problems are also 
discussed. 


The subject of tensor algebra and tensor 
calculus is built up from scratch. Explicit 
details are provided so that the reader does 
not get scared. This is important as most 
students are daunted by tensors. The concepts 
of covariant and contravariant tensors are 
developed and applications to special relativity 
and the 
electromagnetic theory are worked out in 
detail. A preliminary discussion on covariant 


covariant formulation of 


differentiation, Christoffel symbols and 


A Mathematician Looks at 
Physics 


An Introduction to Group Theory 


and its Applications 
Uj... 


Vishwambhar Pati 


Group Theory and Physics, 
S Sternberg. 
Cambridge University Press, 1994 
pp. 427. £ 50 
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On the whole the book is written witha dom 
to earth approach, giving useful materil 
without getting lost in detailed proofs andat 
the same time maintaining the requisite 
mathematical rigour. It should serve as 4 
useful text book/reference for B.Sc as wells 
M.Sc students. The price is very reasonable 


Arvind, Department of Physics, Indian Institute of 


Science, Bangalore 560 012. 
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5 of isometries (congruences), such as 

2,R) for the hyperbolic plane. At the 
Ga fthelastcentury, Felix Klein’s Erlanger 
P sought to classify and understand 
Be ies as a manifestation of their 
n symmetry groups. Similarly 
í hysics, for example, the Galilean 
a ance of classical mechanics, the Lorentz 


group 


invari ; 
invariance of electromagnetism, or the more 


recent gauge invariance under various gauge 
groups have underscored the same leitmotiv, 
ie. understand physical laws by their 
symmetries. This is what the book under 
review sets out to investigate, starting 
essentially from scratch. 


After a few preliminaries, the author starts off 
with a purely group theoretic proof of the 
existence of only five regular (Platonic) solids 
in three space. It boils down to the classifi- 
ation of all finite subgroups of the three 
dimensional rotation group SO(3) which do 
tothave a common invariant axis (i.e. are not 
planar rotation groups, which are also easily 


) *hssified). The proof involves nothing more 


‘omplicated than counting a set in two 
different ways, but already illustrates the 
Dower of group theory. The sections 1.9 and 
ae a fascinating excursion mo 
ee Consider the following 
E 5 fact, which was first empirically 
DA . The symmetry groups of naturally 
a = Set (which are not Platonic 
i B didnotcontain any rotations 
‘ Other than k = 1,2,3,4,6. The 
4 ation for this is to be found in section 

“ature has arranged crystal shapes so that 
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their groupsofsymmetriesalso preserve three 
dimensional crystal lattices. This forces only 
those allowed rotations. Of course, we’re still 
left with the question of what groups do occur 
as symmetry groups of crystals. Section 1.9 
shows that this is basically the classification 
of finite subgroups of O(3) having only the 
allowed rotations above, and there are thirty 
two of them. All buttwo of theseare symmetry 
groups of crystals occurring in nature, and 
their table with accompanying pictures occurs 
at the end of section 1.9. The related question 
of classifying the crystallographic groups is 
answered in Appendix A. 


If this doesn’t strike you as anything more 
than a curiosity, I would urge you to persist 
with the representation theory of finite groups 
in Chapter 2. It is a very clean and efficient 
account of all the basics, with plenty of 
illustrative examples and computations of 
character tables, explicit bases etc. For his or 
her perseverance, the reader will be amply 
rewarded in Chapter 3, which contains a 
detailed discussion of why selection rules occur 
in physics. The finite group representation 
theory comes into the study of selection rules 
fora molecule vibrating in an electromagnetic 
field, and Raman scattering. 


Section 3.8 contains some basics about 
irreducible representations of semidirect 


Sternberg has done a masterly 
job of organising the material in 
such a way that the book is 
readable from practically any 


point on. 
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An imaginative teacher could 
fashion several interesting 
courses out of this book at the 
M.Sc. level. 


products via the use of induced 
representations, and this is immediately 
deployed to achieve Wigner’s classification of 
the irreducible unitary representations of the 
universal cover of the Poincaré group. In the 
physically relevant cases, these turn out to be 
parametrised by two parameters:m (rest mass) 
which has any non-negative value, and s 
(spin), which is allowed to have only half- 
integer values. The program of Wigner, a 
kind of Erlanger program for physics, to 
understand all elementary particles by looking 
at irreducible representations of the Poincaré 
group could not explain why only certain 
masses were found, or how the conserved 
quantity of charge was to be explained. On 
the other hand, all of present day physics 
accepts the validity of this philosophy, and 
seeks only to find the correct replacement for 
the Poincaré group. The chapter ends with a 
group theoretic discussion of parity. 


Chapter 4 launches the representation theory 
of compact groups, which is a very beautiful 
and complete area of mathematics, and has 
the flavour of the finite group representation 
theory discussed in Chapter 2. Some of the 
proofs (such as the elegant proof of the 
existence of Haar measure using the Mean 
Ergodic theorem, OT of the Peter-Weyl 
package for the regular representation) we 
relegated to the Appendices, and quite 
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Chapter 5 moves to the classification of the 
irreducible finite dimensional representations 
of SU(n), SL(n,C) and GL(n,C). This is done 
via the decomposition of the rth tensor powe 
of C" into its irreducible components unde 
the natural representation of the symmetric 
group S_. The remarkable application ofthe 
adjoint representation of SU(3) tothe “igh 
Fold Way’ of Gell-mann and Neeman a i 
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it is a very clean and efficient 
account of all the basics, with 
plenty of illustrative examples. 


Haar measure on a linear Lie group in 4.1.) 
‘fe only prerequisites are a sound under- 
sanding ofundergraduate analysis and linear 
algebra. While this book could be considered 
o sophisticated for the undergraduate level 
jnanIndian university, animaginative teacher 
could fashion several interesting courses out 


of this book at the M.Sc. level. 


On the downside, the index is woefully 
inadequate for a book of such encyclopaedic 
reach. In fact, since Sternberg eschews the 
usual definition-theorem-corollary format of 
mathematics books, the index needs to be 
exhaustive. For example, Poincaré Group, spin 


and angular momentum do not exist as entries 
in the index! Another inadequacy is the 
absence of exercises, which could have been 
used to provide the sometimes very elementary 
demonstrations that Sternberg goes through 
in painstaking detail. There are also more 
typos than one would expect from such a 
reputed publisher. 


Finally, I hope the author will write a sequel 
to this book where the Cartan-Weyl theory 
and classification of groups such as Spin and 
Spin, and their representations, which are of 
great interest to physicists, andfinally gauge 
theory are dealt with in greater detail. 
Meanwhile, happy reading, or for that 
matter, even browsing! 


Vishwambhar Pati is with the Indian Statistical 
Institute, Bangalore 560059. 
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The Strength of Materials 


Without Stress or Strain 
Seen aner sae nt wall dnt aabaaal 


Gangan Prathap 


The New Science of Strong Materials or 
Why you don't fall through the floor 
JE Gordon 
Reprinted in Penguin Books, 1991. 
Pp.287, Rs.195. 


aoe Siain are words used to describe 
ae Condition of human beings. In this 
tear Pana are used interchangeably to 

Same thing. In science and 
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engineering, these words are given distinct 
meanings and the entire science underlying 
structural engineering rests on these basic 
distinctions. The structural engineer’s craft 
rests on two pillars: form (or how shape and 
sizeand manner of arrangement of structural 
material provides efficient design) and 
substance (the nature of material(s) out of 
which the structure is fashioned). An earlier 
book by Gordon, ‘Structures or Why Things 
Don’t Fall Down’ (also available in Penguin 
edition), dealt with the former aspect; the 
book reviewed here deals with the latter issue. 


“Why do things break?” is the substantial 
question addressed in this book. “How is this 
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“Why do things break?” is the 
substantial question addressed 
in this book. “How is this to be 
interpreted in terms of the physics 
and chemistry of the material 
constitution?” 


to be interpreted in terms of the physics and 
‘chemistry of the material constitution?” 
Gordon surveys the field from its historical 
origins to the most recent advances in 
materials design (yes, engineering new 
materials for optimal structural performance) 
using as little mathematical equipment as 
possible, meeting Lord Ashby’s criterion of 
“technological humanism”- “the habit of 
apprehending a technology in its com- 
pleteness.” 


Chapter one asks awkward questions on the 
new science of strong materials, which has 
taken shape only in this half of the century. It 
sets the stage for what follows. 


The remaining ten chapters are arranged into 
three parts. Part one deals with elasticity 
theory and the theory of strength, where the 
engineering definitions of stress and strain 
(from Galileo to Hooke and then to Young) 
are clearly spelled out and the manner in 
which an understanding of the distributions 
of stress and strain in a structure assists in 
predicting its structural performance. How 
strong any given material is and what the 
causes of weakness are, come next; a fair 
amount of attention is devoted to the role 
that cracks and dislocations play and how their 
growth under adverse conditions of stress 
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Part three is an intimate study of iron and 
steel, which made the industrial revolution 


themselye, Í 


Don. 


possible, and of metals in general. The book 
ends with some “technological forecasting’, 
and happily it turns out that chapter 11,“The 
materials of the future” was supported bya 
sub-title which Gordon could change from 
defensive “or how to guess wrongly” ie 
edition of the book in 1968) to an optimistit 
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"Getting to the moon... was a very 
expensive way of developing non- 
stick frying pans”, sums up the 
spirit of “technological humanism” 
that Gordon stamps on this 
account of materials science. 


way of developing non-stick frying parai 
sums up the spirit of “technological 
humanism” that Gordon stamps on this 
account of materials science. 


The end of the book carries two appendices 
on various kinds of solids and on a simple 


. beam formula. There is a list of books 


recent 
posites, 
iron and 
volution 
‘he book 
~asting”, 
11, “The 
ted bya 
ze from’ 
ly” (fist 


ptimisti Y 


when he 
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d facts 
pens 


suggested for further study, much in the same 
way Resonance instructs its contributors to 
end their essays (as this review also dutifully 
does, borrowing from the same list). A helpful 
index is also provided. 


I found and relished Gordon’s two books 
much after completing my formal degree in 
engineering. I couldn’t help feel a sense of 
egret and incompleteness that my 
‘ngineering education never did of itself 
Provide a fabric into which technology could 


A 


"Agata Mendel ... jokes that most contemporary molecular and 
developmental biologists reason like a child who, because turning the 
knob on the television set makes the picture appear, concludes thatthe coe 
knob ‘causes’ or‘programs' the picture, and then goesthe next absurd, 
step of trying to understand the mechanism of television by chemically 
analysing the knob" from Theory and practice of genetic reductionisim 
~from Mendel's laws to genetic engineering, an essay by R Hubbard 
in’ Towards a Liberatory biology edited by S Rose. 
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be woven so that I could claim to have been 
given a liberal education (to paraphrase the 
long quote from Lord Ashby’s ‘Technology 
and the Academics’ which Gordon places asa 
motto at the head of his book). I hope that 
readers of Resonance will get hold of these 
two books, even if they are not structural 

engineers or materials scientists, to educate 

themselves of the “sometimes curious and 

entertaining ways in which scientists isolate 

and solve problems.” 


Suggested Reading 


SP Timoshenko. History ofthe Strength of Materials, 
McGraw-Hill, 1953. 

History of Technology. Oxford University Press. 1954, 

D’Arcy Thompson. On Growth and Form (abridged 


edition). Cambridge University Press. 1961. 

E Torroja. Philosophy of Structures (translated from 
the Spanish). University of California Press, 
Berkeley, 1962, 

B R Schlenken, Introduction to Materials Science, 
John Wiley, 1974, 


Gangan Prathap is with National Aerospace 
Laboratories, Bangalore 560017 and Jawaharlal Nehru 
Centre for Advanced Scientific Research, Jakkur, 
Bangalore 560 064. 
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and S G Prabhu 
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« and Structure 
BV Subbarayappa 
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Information and Announcements 


The 37th International Mathematical Olympiad 


As has already been announced in these pages 
earlier (Resonance, Vol.1, No.1, 1996), India 
is hosting the 37th IMO from 5 July to 17 July, 
1996 in Mumbai. (The venue was shifted from 
New Delhi to Mumbai in March.) About 75 
countries are expected to participate. 


The problems posed in the final paper are 
selected through an interesting procedure. 
Each participating country (except the host) 
submits upto six problems to the problem 
short-listing committee of the host country. The 
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short-list of about 


from which it prepares 4 fits 
30 problems taking care to see that A 
areas—algebra, combinatorics, ee 
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important single criterion fora ee snd 
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have been published anywhere 
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ad of the contestants and the deputy 
ya to select the final six problems that go 
ea 


„tothe IMO paper from the short-list. Thus 
in 


- ach country participates in the making of the 
eac 


MO paper. 


The opening ceremony is on 9 July and the 


contests will be held on July 10-11. The 
closing ceremony where the medals are 
awarded will take place on 16 July. 


C S Yogananda, NBHM (DAE), Department of 
Mathematics, Indian Institute of Science, Bangalore 
560 012, India. 
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Indian Statistical Institute 


Itbegan as asmall room in Presidency College, 
Calcutta in 1931 and is now one of India’s 
major academic institutions. The Indian 
Statistical Institute was founded by Prasanta 
Chandra Mahalanobis, a physicist, who 


| realised the importance of statistics when he 


was completing his Tripos in Cambridge, 
England in 1915. He established a statistical 
laboratory in the Physics Department of 
Presidency College, Calcutta in the 1920's; 
this laboratory later became the Indian 
Statistical Institute, registered as a learned 
society in 1932. From then on, it grew in size 


| and stature and today it is one of the leading 
mstitutions of its kind. It has a strength of 


over 250 faculty members and over 1,000 
Supporting staff. It is a major presence in 
Calcutta, Delhi, Bangalore and other Cities, as 
‘esearch and educational institution and as 
ae and consultancy centre. It was 
an Institution ofnational importance 
Ier Parliamentin 1959 and was vested 
oq = to award degrees and diplomas ig 
Ci E yas by an amendment of this 
a so vested ee powers to award 
nd diplomas in mathematics, 
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computer science and quantitative economics 
and such fields related to statistics, 


Early in his career, Mahalanobis realised the 
key role statistics can play in scientific 
investigations and national development. He 
realised from his own work, and from 
developments elsewhere in the world, that the 
then young subject of statistics was a potentially 
fertile area for research in theory, methodology 
and applications. He was of the opinion that 
relevant statistical theory and methodology 
can develop only in an environment where 
Statisticians were both aware ofits applications 
and participated in them. Thus he believed 
that in addition to researchers trained in 
statistical theory a statistical institute must 
have natural and social scientists engaged in 
quantitative research in their own areas. This 
would help the natural and social scientists 
get statistical expertise to design their studies 
and analyse their data, and the statisticians to 
understand and work on theoretical and 
methodological problems ofa genuine nature. 
With this point of view, he established a 
number of science units in the institute. 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


The headquarters of the Institute are in 
Calcutta, with centres in Delhiand Bangalore. 
A variety of research, training and project 
activities take place in Calcutta and the other 
centres. The institute has units in the cities of 
Baroda, Bombay, Coimbatore, Hyderabad, 
Madras, Pune and Thiruvananthapuram, 
which offer services to the industry in quality 
control, operations research and management. 


The Institute has been offering formal courses 
in statistics and related fields leading to 
certificates and diplomas since the 1930's. Since 
1960, the Institute has also been offering 
courses leading to B.Stat., M.Stat. and Ph.D. 
degrees. M.Tech. courses in computer science 
and quality, reliability and operations research 
have been introduced subsequently. An M.S. 
programme in quantitative economics is being 
introduced in 1996. Admissions to these 
courses are based on academic records and 
performance in All-India selection tests and 
interviews. The selection tests are generally 
conducted in May and advertisements for these 
appear in late January in major national 
newspapers. Only very meritorious candidates 
get admission into these courses and all of 
them carry stipends. The B.Stat. programme 
is offered only at the Calcutta centre. An idea 
of the level of the selection tests for B.Stat. can 
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In the statistics degree programmes run by 
the Institute, the mathematical and theoreti] 
bases of statistics are established, In addition, 
the practical relevance of the methods areal 
emphasized by means of practical work, 
projects and statistical analysis of live data 
from a variety of real-life situations. The 
students are also trained in modern computer 
work. At the end of their courses in the 
Institute, students are equipped to join a 
academic or scientific research programmes 
inservice in the public or private sector deal 
with applications of statistics, mathematss 
economics and computer science ina varie) 
of fields. 
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T Krishnan, Indian Statistical Ins 
Calcutta 700 035, India. 
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Errata 
Resonance, Vol. 1, No. 4 (1996) 


Optical illusions: (left) Each crosshatched line is a straight line 
though it appears distorted; (right) a system of concentric circles 
that appear to be ovals. 

Page 64: The question on ‘Self-Copying Program’ in the Think It Over section 
was posed by S K Ghoshal, not V Rajaraman 

Page 66: Optical illusion: The optical illusion is a system of concentric circles 


and not a spiral pattern. 
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pservations and the latter are seen to be correct, then we 


fa ae be prepared to modify or abandon the theory. 
| jp this part of the series ie will discuss this confrontation 
between theory and observations. To this end we will consider 
wo types of observations: 
rence Type I : These are based on surveys of distant parts of the 
yniverse. AS light travels with a finite speed, these surveys tell us 
about the state of the universe in the remote past. Thus we can 
compare it with the present state and decide whether the changes 
seen are consistent with the predictions of the model. We will follow the 
doctrine of Karl 
nA » Typell: Here we need not look at distant parts of the universe; Popper who has 
studies of the local environment can tell us whether it is consistent argued that no 
with the model. scientific theory is 
ever proved. Its 
ven Although several such checks and tests exist in the literature, we strength lies in 
will only look at a few to see how cosmology is no longer merely making 
speculative but is subject to the rigours of science. We will first disprovable 
yeh consider some type I tests. predictions. 
a The Extension of Hubble’s Law 
a 
EN Thefirst measurement of importance in cosmology, as mentioned 
4 j earlier, was Hubble’s law. Hubble’s original studies were confined 


‘0 nearby galaxies and he got a value for the constant H = 530 
Kilometres per second per megaparsec. (The parsec is a unit of 
distance used by astronomers. Its value is approximately 3.10!8cm. 
Thus Hubble found that a galaxy at a distance ofa million parsecs 


ftom us should have a radial velocity of recession of 530 km/ 
raon | “Cond, : 


re 


ohan, 
h : ? g 
roi M questions that cosmologists would like to have answers to at 
A IS stage are: Í 
(i) 

i Is the value of Hubble’s constant as given by Hubble in 1929 
30," Correct? 
n 4 
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The most recent 
measurements of 
Hubble’s constant 
have been carried 
out by the Hubble 

Space Telescope 

(HST). With its ability 
to observe objects at 
least fifty times fainter 
than the best ground 
based telescope, the 

HST is admirably 

suited for this 
programme. 


jè mam 
(ii) If we observe more remote galaxies 
w 


distance relation still hold good? ould the Wo 
Naturally, in the six and a half decades since H 


tions, astronomical techniques have improved 
enormo 
Uslyg 
ni 
a thousang times 
ig ANSWers toth 
Ky 


one can carry out such observations on galaxies 

farther away. Based on these measurements t 

two questions above are respectively no and yes, Let 
+ Let us See 

Uhy, 

e Hubble’s constant: The most recent measurements of 4 

UDble', 


f . Telescon: 
(HST) as one of its key projects. With its ability to Be 
ects 


at least fifty times fainter than the best ground based teles 
Cope, 


constant have been carried out by the Hubble Space 


the HST is admirably suited for this programme. In 1994 th 
telescope was able to observe twelve Cepheid variable stars in th, 
galaxy M 100 situated close to the centre of the Virgo cluster. Th: 
Cepheids exhibit a periodic variation in their luminosity 
Moreover, there is a well established relation which tells us hor 
the mean luminosity of a Cepheid can be determined from its 
period. So, by observing the period of a Cepheid, we knowits 
intrinsic luminosity. By measuring its apparent brightness 
we can then determine its distance. 


Hubble himself had used the same method to measure distances 
of galaxies but these could not be very far awa 
them were to be seen. Moreover, in many case 


variable stars for Cepheids. And this led to an un 
of H. The HIST determ 
that 1s, 0 


s, he mistook other 
derestimatel! 
ination 
distance and an overestimate 
lead toan H value in the range 65-80 km/s/Mpo, 
about 12-15 per cent of the 1929 value! 

-+a this basi 
the difficulties 1 a ps 


i use and review 
It is as well to paus in, astron 


ement of distance 


measurement. The measur 
rows 4 


always been difficult, and the difficulty & we 
measurements of more distant objects. T we We a w 
'standard candle' type argument; that is, if yr at, te pte 
sources of light, one bright and the other ee 
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“loin, „pected to be farther away na OMe former. The basis i this is 
4 ‘averse square law of illumination and the assumption that 
M sources are intrinsically equally luminous. In practice, these 
ny ics may not hold; for example there may be absotioga of 
Usly any jght en route or the two sources may not be equally luminous. 
nd timg 


Sto the | fhe second difficulty lies in e that in addition to the 
ce thy, | pansion of the universe the galaxies also possess ‘peculiar’ ( i.e., 
andom) motions within a cluster. When we measure the redshift 
dubber ofa galaxy and infer its radial speed, we are actually measuring 
Telesco | the net speed. It becomes difficult to disentangle the true Hubble 
eobjecs | expansion speed from the net speed especially for relatively 
elescope | nearby galaxies. Thus our earth moves around the sun, which 


1994 tte | moves around the centre of the galaxy, which in turn is falling The measurement 
sinte  jowardsthe centre of the Virgo cluster. (Recall that ourcosmologies of distance in 
ster. The | were based on the Wey! postulate which assumes that all such astronomy has 
ninosity. | speeds are to be neglected.) always been 
Is us how difficult, and the 
‘from | Because of these difficulties the value of Hubble’s constant has difficulty grows as 
knowis | aways remained controversial; even today another group of we attempt 
‘ightnes | astronomers led by Allan Sandage believes that the true value of measurements of 

His much lower, say in the range of 45-65 km/s/Mpc. Keeping in more distant 

view the prevailing uncertainty, we will write H as objects. 
distance [00h km/s/ Mpc, with h representing a fraction between 0.5 and 0.8. 
pheidsia | 
ook ot ' Hubble’s law at large redshifts: Concerning the second question, 
timate Observations of galaxies out to redshifts of the order unity have 
ninatio® | shown that a reasonably tight Hubble relation exists for them. As 
is, Mentioned earlier, the astronomer does not measure distance 

tirectly but instead measures the faintness of a source. Allan 

5 ndage has shown that if we pick the first ranked (i.e., amongst 

oS brightest class) galaxies in clusters, they have approximately 
n0 


Cs : : 8 
o ame luminosity. That is, they serve as standard candles. 
e atte Uppose a ty 


Ai: 

ses distance p fr 
B 

v0 sol “Per the in 

i jatet” 


pical galaxy has luminosity L and is located at 
omus. Then the flux from the galaxy will be L/4nD?, | 
suresth Mee square law of illumination. The piece tests . BE 

elogarithmofthis quantity on theso-called magnitude 


Ns 

O 
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Figure! The redshift 
magnitude relation for first 
ranked cluster member 
galaxies. A number of 
theoretical curves are 
superposed on the dara. 
These curves are labelled 
by a parameter q, which 
measures the rate of slowing 
down of the expansion of 
the universe. It is called the 
deceleration parameter and 
its value for the flat 
Friedmann model is 0.5. We 
will refer to the steady state 
model in the final part of 
this series. (Based on J 
Kristian, A Sandage & J A 
Westphal, The Extension of 
the Hubble Diagram-Ili.The 
Astro-physical Journal, 227 
383 (1978). 


0.75 
0.50 


Redshift 
(on a logarithmic scale) 


Apparent magnitude 


scale. Thus we would write the magnitude as 
= — 2.5 log (L/4x D?) + constant. 


The constant arises from normalization of the magnitude sealt. 


What is D? Recall that the Friedmann models use curved spi 
Indeed, Einstein’s general relativity assumes that ie 
itself has curvature and that the geometrical ie 
spacetime are determined by the amount of matter we 
in the universe, through their pressure and density. vat 
needed in computing D for each Friedmann Y a A 
calculation, which we cannot go into here, not ony 
spatial properties but also the temporal ones t 
redshift. The result is that each model predicts 4 


magnitude relation. 


nique? s 


n i) 
5 above re ; 
The relation found by Hubble agrees with the a? veo 


small values of D. As we g0 towards hi 
have different relations for diffe 
we have the actual measurement 


gher redshi S gH 
rent Friedman? a 
5 ofm andz ; 


tude scale 


yed spaces: 
spacetime 


yperties | 


d radiate 
rhs cate 
ydel, Thi 


pa 


yi Avi 
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a 
we should 
models desc 


be able to distinguish between the three types of 
ribed in Part 3 of the series. 


he last few decades the m-z relation has been extended by 
A Pe and others, to large values of these quantities, but 
E observational errors and uncertainties including those of 
N determination intervene to preventa decisive conclusion 
a being reached. The latest results suggest that models of type 
jl are favoured by the data but considerable caution is still 


eded in basing our theoretical conclusions on such a result. 
ne 
The Counts of Discrete Sources 


Another way of determining which of the Friedmann models is 
correct is to test the volume-radius relationship of space. Thus, 


recalling Part 3 of the series, the type I Friedmann models use flat 


Euclidean geometry in which the volume V ofa sphere of radius 
Ris given by 


V = (4n/3)R3. 


The relation is different for other models. 


The astronomer can use this result to test the models in the 
following way. Suppose there is a population of discrete sources 
distributed uniformly in space. Then by counting such sources 
out to distance R, we get a number N proportional to V. If all 
‘“ources are identical, then the flux S of radiation from the 
faintest source in this set would decrease with R, being 


Poportional to Rin a Euclidean universe. Thus we expect a 
telationship of the form 


N S'5 = constant 


bra Euclidean space. A more complicated relatlon Is derlved for 
“ch Friedmann model. 


Hubble Used this testi 


wod n the thirties to select the correct Friedmann 
0 


el by Counting galaxies out to fainter and fainter magnitudes. 
€W of the relation between magnitude and the flux received 


Rts 
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In the last few 
decades the m-z 
relation has been 
extended by Allan 
Sandage and others, 
to large values of 
these quantities, but 
several 
observational errors 
and uncertainties 
including those of 
distance 
determination 
intervene to prevent 
a decisive 
conclusion from 
being reached, 


er 
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Hubble's objective of 
picking out the correct 
cosmological model 
still remains 
unattainable. This is 
because there are 
other uncertainties 
such as evolutionary 
changes in the source 
populations and the 
possibility of 
mistaking a nearby 
weak source for a 
distant powerful one. 


4 
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from a light source encountered earlier We see th 
z 2 thati 

space the number-magnitude relation will take a in Ueli 
€ fo 


Tm 
log N = O.6m + constant. 
A departure from this relation could Possibly indi 
cosmology we should have. Ndicate Wha 


In practice this did not work, for two reasons, First, there 
too many galaxies to keep count. Second, one Needs to go d 

to very faint magnitudes to notice any possible Taon 
tween models. In Hubble’s time these difficulties were a 
mountable. But today, with the use of computers to Count images 
of galaxies and sensitive detectors to record images of very fain 


Were fa | 


objects, this test has again become feasible. 


However, Hubble’s objective of picking out the correctcosmolog: | 


cal model still remains unattainable. This is because, there ae 
other uncertainties such as evolutionary changes in the source | 4 
populations and the possibility of mistaking a nearby wek 
source for a distant powerful one. th 


In the fifties, radioastronomers began to attempt this test for 
; P ; i 
populations of radio sources. Radio sources are a much ae 
le of picking 
5 5 G i ounter 

out distant radio sources more easily than their optical c 


3 ; of radio 
parts vis-à-vis galaxies. Thus it was felt that counts uf 
n cosmologie 


more about | y 
abouttheli | y 


species than galaxies and radio telescopes are capab 


sources may provide more decisive constraints 0 
s 
models. But here too, source counts have told u 
: i i an 
physical properties of the source populations th 


. K 
scale geometry of the universe. 7 
A d 
Angular Diameters ‘ 
st of 
a new te on | 2 
In 1958, cosmologist Fred Hoyle propose” edie onsa" i 
: ts 
i i radio sources. 
models specially suited © m 
striking and can be explained as follows- ai ala 
jeW 
i jf wevi? A 
. ; earth that Hr l 
Itis a common experience here. on cae jncrensing 


(like a tree or a house or a mountain 
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= 
Figure 2 This figure 
lideay gE ne 7 illustrates how the angular 
diameter varies with 
redshift in a Friedmann 
model. Notice fhat at a 
| specific redshiftthe angular 
j diameter is the least in 
| contrast to a Euclidean 


© wha 


Log AG on arbitrary scale 


erete || universe in which the 
AN angular diameter steadily 
av 1o] decreases with distance. 
mt be | | | The label q, denotes the 
Insur. || | 


| 
| 
| deceleration parameter as 
image a5} l explained in the caption of 
ry faint | | the previous curve. 
| 
{ 
| 
0 


molog | Logz 
lere are = + en est | 


Soure | distances it appears smaller in size. This is because the angle @ 
y weil | subtended by it at our eyes gets smaller as our distance D from 
the object increases. If the linear size / of the object is small 
compared to D, and the angle is measured in radians, then a 


test for | 3 es ; ; 
fae simple relation exists between 0 and D in Euclidean geometry: 
h r 

picking 0 = I/D. 

counter: 


of radio This explains why distant objects look smaller since our brain 
ologi! į lates the perceived size to the angle 9. 


pout thè 


pelt Hoyle showed that the corresponding situation in an expanding 
the 


Miverse is more striking. Let us suppose we are viewing a 
Population of identical objects located at varying distances in 
‘ich a universe, Then we expect that their angular sizes.should 
“tease with increasing redshift, since redshift is proportional 
oft | distance, Indeed, this is how © behaves as z increases from 
Ee By > But the decline is not as fast as in the Euclidean case, and in 
vee tiedmann models, the decline of @ is arrested at some 
ie ift and thereafter 0 increases with redshift! In the type I 
A | wal (k= 1) discussed in Part 3 of the series, this minimum 
a? Ugular size is obtained at a redshift of 1.25. 


ie Reg, 7 
U a, l Bo i 
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It is not easy to 
measure the redshift of 
a radio source. It must 
first be optically 
identified and then its 
optical spectrum 
studied. Thus in many 
cases the redshifts are 
either not available or 
are estimated indirectly 
thus adding to the 
errors. 


This nice and clean looking test also gets b 
uncertainty, because we cannot guarantee a są 
with nearly the same physical size, nor can we 
sources we are looking at, at various redshifts 


O8ged down cial 
Mple of Soun a] 
be sure 


: are ng 
is also not easy to measure the redshift of a radio 5 
0 


first be optically identified and then its Optical s 
Thus in many cases the redshifts are either no 


e (i 
t Evolvi ar 
urce, It m | 
Pectrum studig 


: seen ; t available ora i 
estimated indirectly thus adding to the errors te || 


We will leave our discussion here, albeit in an unsatisfacto 
Ty State | 


> : s cosmo- |) 
logical models are inconclusive. As our observations improve ye | 
sWe fi 


because the tests proposed for distinguishing between 


will be able to appreciate and allow for the various Sources of | 
errors and perhaps be able to draw some definitive conclusions, 


} 
i 


We next briefly look at type IJ tests i.e. tests based on studiesof 
our local neighbourhood. Here the idea is to find evidence tha 
provides a consistency check on cosmological predictions. 


Density of Matter in the Universe 


Friedmann models make three types of predictions about We | 
. 5 . sy i 
present matter density in the universe. Let us define the deny |} 


parameter Q by the relation 


Q=p/p, 


hile for | 
Thus, for open models Q < 1, for closed models > 1,W | 


> ? : 
the flat model, Q = 1. What is the ‘true value of ® If c 
i ngh | p 
ty. Using 
For this we first need to know the closure ie j kme |€ 
formula in Part 3, with the Hubble’s constant as closure densi | t 
we getp. = 2.10? h?g cm”. Taking pe we naa question is | & 
c = 
of matter is approximately 8.5. Os e 8 
what is the actual density of matter 1n the u an 
ent CoP 
. ? 1 measure ‘08 
This question demonstrates how a pa she densit of wo 


hats Si 
cosmological significance. If we meas 
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mi EI 
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A 
hat the 
Ving I \ 

g | 
It mug Ẹ ass 
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tudieg, 5 
OF ag E 

3 | 
TY State E 
COSmo- K 2 
i A B 
OVE, we ~—— >- Distance from the centre in kpc 
Irces of 
usions 
diesot || Matter we get a figure around 4. 10-*!g cm, which is much less 

o s SA 

cen than the above closure density. However, this is only for matter 


| seen as galaxies, clusters, intracluster medium, etc. There is also 
evidence for dark matter. Let us examine this briefly. 


When we look at a galaxy we see a nebulous patch which is 


ypes of J| brightest in the centre and fades outwards. The luminosity of the 
out the J} Patch arises due to stars which are most strongly concentrated at 
densiy || the centre and thin out towards the periphery. A typical spiral 
shaped galaxy may have stars distributed in a disc of radius, say, 
| \Skiloparsecs, Astronomers previously believed that the mass in 
| a galaxy was confined to this visible disc. However, studies of 
piler |} louds of neutral hydrogen emitting radiation at a wavelength of 
Ul cm showed their existence well beyond this radius. Such 
clouds are found rotating around the centre of the galaxy just as 
Lr Planets go around the sun. On the basis of Kepler’s laws, we 
a oe if the attracting galactic mass is confined to this disc 
ee nal speeds would declineas one examines cloud motions 
ton” st and farther out. This is not the case! The rotational speeds 
Y more or less constant for distances as far as 150 kpc. 
at T implication is, of course, that the ‘driving mass” extends 
We 


“yond the visible disc. Estimates show that it is not 
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Figure 3 The typical flat 
rotation curve of a galaxy 
that indicates the presence 
of dark matter, 


'The phrase ‘driving mass 
refers to the totai mass whose 
attraction on a particle keeps it 
in a circular orbit. To a good 
approximation, this is the mass 
enclosed in a sphere of the 
same radius. 
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Normally, on the basis 
of Kepler's laws we 
expect that the 
rotational speeds 
would decline as one 
examines cloud 
motions farther and 
farther out. This is not 
the case! The 
rotational speeds stay 
more or less constant 
for distances as far as 
150 kpc. 


negligible, but in fact exceeds the Visible m 
matter or dark matter seems to occur Widely, bei 

only around galaxies but also in the intraclustlil foun 
idea that dark matter exists in clusters of galaxi medium, 
back to Fritz Zwicky in the 1930s! Estimates y 
of it there is. Conservatively we may say that 


ass. Such F 


St 


A 


Ny 
ary as to how Tye 


dark m 

. att ; 

ten times as abundant as luminous Matter, thus ee 
: . ai 

density estimates to around 4. 100g cm, SING oy 


Weare still below the closure density, and so Q< 1, T but the . 
now is not too wide and this has kept alive the other ue 
Q= 1, or Q>1. There are theoretical reasons for the first of they 
options which we will discuss in the final part of the series, We 
will also discuss the conjectures advanced on the Composition 


the dark matter. 
Age of the Universe 


All big bang models have finite ages which are not too difficultt 
compute; the age of a model is the time it has spent from the 
instant of big bang to the present epoch. The answer is bes 
expressed in units of H~. The simplest answer is for the empty 
universe (k = -1, Q= 0 and is H. For the flat universe, tt 
answer is 2/3 of this value. In general, the age decreases asf 
increases. 

Today, the most favoured Friedmann model is the patch 
the value of Hubble’s constant given by h=0.65, F a aft 
billion years. Although this value comfortably nae, ae i 
the earth (about 4.6 billion years), it is ne h i ' 
accommodate old stars. For example, age ae to thes! 
globular clusters which are found to have $ pas 12-4 jhe 
when their hydrogen fuel is finished, are as yo Jow valu’ of! 
years. Thus only those models which have 2 Very 
might possibly survive. 


d 
He standa! 
This has been a serious difficulty for all th 
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1 Unse | recused so far and we will return to this issue in the final part 
t| ise F 

Und ty if this series- 

Um, Tk 


A basic problem of cosmology is to understand how matter came 
into existence and how it acquired its present elemental composi- 
tion. We saw in Part 4 that two different processes may have been 
at work, one acting in stars and the other in the early universe. 
the gap The latter is believed to be responsible for the production of light 
l option nuclei, mainly helium, deuterium and a few others. 
tof these 
ries, We 
sition of 


As far as helium is concerned, its abundance by mass from 


i RSS A basic problem of 
primordial nucleo synthesis is expected to be in the range of 23- P 


: ; ; : y ; cosmology i 
24 per cent, increasing slightly as the baryonic density (that is, gy is to 


understand how 


the density in the form of baryonic particles like protons and ; 
matter came into 


neutrons) of the universe increases. A strong point in favour of j 
existence and how 


the big bang picture is that measurements of helium abundance , R Hi ah 
it acquired its 


ficult’) from various spectroscopic data are in broad agreement with this 
from the ; } sft present elemental 
T range. Moreover, the theoretical value is sensitive to the number a 
r is bet P 5 , ; 7 ; composition; two 
ofneutrino species that existed in the early universe and is based $ 
ie empty ; s ; different processes 
: on the assumption that there are three species of neutrinos. The 
erse tt) calculati ; 4 may have been at 
"| calculation described in Part 4 would yield a somewhat higher ie 
ses as | yal : i work, one acting in 
alue of helium abundance (0.25-0.26, instead of 0.23-0.24) than 
if th j s stars and the other 
there were, say, four types of neutrinos. Thus one could claim nihe eah 
ik that the Primordial nucleosynthesis calculation predicts that eT 
n : 5 : 
ea ‘ there should be three neutrino species, a result borne out by 
ges Particle accelerator experiments. 
rhe age? 
ugh"! Comi ; E i 
10 : i pa E to deuterium, the result is very sensitive to the baryonic 
! ensi ; j 4 
j i| y "sity of the universe. The observed abundance of deuterium is 
e e hie 
ae D Y small, being in the range 9. 10% to 3.5. 10°. The abundance 
Te i . . . . 
E if dicted by the standard models declines with increasing 
a 


ie density and matches this range provided the density 
ae cee 7. 10-3!gcm 3, Beyond this density any deutenani 
Or ae. is quickly destroyed. So, we have a problem. Evidence 

Matter suggests a density higher than this limit. So we 


i of Light Nuclei 


p 
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Suggested Reading | have to think of this matter in a non-ba a. | 


; Tyonic fi 
baryonic’ matter would not react with deute ‘orm, is ‘toy 
$ rium j 
J V Narlikar. The Structure universe. So measurements of deuterium as ae IN the early 
ofthe Universe. Oxford. quantity of dark matter present. Constrain the 
1977. ; 
David Layzer. Constructing There are some additional constraints from observat: 
the Universe. Scientific : : Vations 
light nuclei but they are more subt ; Of other 
American Library. 8 y ubtle and we will not discuss th 
1984. here. em 
JV Narlikar. Introduction to 
Coardios. | Cam-= Microwave Background 
bridge. 1993. 


As mentioned in Part 4 of this series, the di 
microwave background is the best witches AR 
cosmology. It has been shown to have a Planckian (black a 
spectrum with a temperature of 2735 K, thanks to the extensive 
work of the COBE satellite. Nevertheless, the following | 
information emerges from measurements of this radiation 
background. 


The radiation background would have been completely isotropic 
if we as observers were at rest in the cosmological frame (i.e, had 
no random motion relative to the Hubble motion of expansion}. 
However, we do have motion and so the radiation background 
should showa ‘dipole anisotropy’ in our frame. Suchan anisotrop 
has indeed been found with temperature being direction 
dependent: i 

T(0)= T, + T cos®. i 


AYAN GUHA 


From all these observations 
hopefully a final picture would 
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Here T, is the average temperature which is constant in all 
e 
directions and 7’, cos 0 is the variable part, being maximum i in 
ir 
the direciion 0 = 0, and minimum in the opposite direction. T, 


approximately 3. 10°. The direction in which T, cos @ y 
-js 


aximum îs the one in which the earth is moving. 
m 


The second type of anisotropy is on a small angular scale of about 
en degrees which shows a fluctuation of AT / T of the order of 
6.10. This was the second major discovery of COBE which was 
announced in 1992, and it held out the hope of linking this 
fluctuation to the theories of structure formation. We will return 
to this in the final part of the series. 


Concluding Remarks 


As far as type I tests are concerned, because of various uncer- 
tainties, studies of distant parts of the universe have so far failed 
to tell us which type of Friedmann model (if any) we live in. The 
type II tests are somewhat more clearcut, but their verdict has 
been mixed. On the one hand, we encounter a serious ‘age’ 
problem, whereas on the other, the observations of microwave 
background and light element abundances are in favour of the 
hot big bang cosmology. 


Inthe final part of the series we will consider the overall situation 
in cosmology today and address some fundamental issues. 


You mean to say that the sun is 


because of RED SHIFT? 
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Algorithms 


3. Procedures and — o eon 


RK > i ae 


In this article we introduce procedural abstra 
ction and 


lon of 
res of 


illustrate its uses. Further, we illustrate the 
no 
recursion which is one of the most useful ae 
u 
procedural abstraction. 


Procedures 


Let us consider a variation of the problem of summing thefirst M 
natural numbers. The problem is: Compute the partial sums of al 
numbers from I to M. 


That is, we have to compute 
Sie! (1) 
for all j such that 1 < j < M. This means we have to compute M 


sums according to equation (1). 


A Naive Solution. Let us recall the program (discussed in 
Resonance, Vol.1, No.3) for summing N numbers. The code 
segment for summing N numbers is 
segment “code”, we can obtain the algorit 


count: = 0; 
sum: = 0; 
Er 


while (count < N) do 


sum: = sum + i; 


i=i+1; 


count: = count + if 


endwhile; 
print sum; 


Table 1. Program segment “code” 


S * 
(* sum contains the sum of first i numbers *) 


umber *) 
dded *) 


bers *) 


("increment i to get the next n 
(* count keeps count of the numbers 4 
{* sum contains the sum of first N NUM 
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hm for the problemot | 


rstM 
of all 
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“Code” 


“Code” 


with N=2 


with N=3 


withN=M 


pand as follows: 


Place M copies of the program segment “code”( Table 1 ) in the 
form shown in Figure 1. Here, “code” with N = j corresponds to 
the code shown in Table 1 with N replaced by j. 


In the program shown in Figure 1, we have repeated the algorithm 
Mtimes and we can make the following observations. Each block is 
essentially a different instance of “code”; that is, the objects differ 
by the value to which N is initialized before the execution of the 
“code” block. Thus, we can now avoid the repetition of the “code” 
blocks by using an additional loop for setting the values of N. The 

program corresponding to such a refinement is shown in Table 2. 


Ituses an outer loop on the code segment “code” for passing the 


appropriate value for N. Itis convenient to give the “code” a name 
so that it can be referred to (or used) later. In other words, the 


b= Tp 


while (count <N) do 


Printsum; 
N:=N+1; 


endwhile 


Table 2. Program for finding all the partial sums 
N:=1; 
whileN < M do 
count: = 0; 
sum: = 0; 


sum: = sum + i; (* sum contains the sum of first i numbers *) 

i =i+1; (* increment i to get the next number *) 

count: =count+1;  (* count keeps count of the numbers added *) 
endwhile: ("sum contains the sum of first N numbers *) 


Figure 1 A naive solution 
for summing numbers. 


Procedural 
abstraction not only 
makes the program 

concise but also easily 
comprehensible; the 
latter aspect is very 
important for verifying 
the correctness (either 
formally or informally) 
of the program. 
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Table 3. Procedural abstraction ¢ 
or Summing 
Numbers 


procedure SUMMING (N: integer); 
count: = 0; BI 
sum: = 0: d 
k=) 
while (count < N) do 
sum: = sum + i; 
i:=i+1; 
count: = count + 1; 
endwhile: 
printsum,; 


endprocedure 


name given refers to the object obtained by abstracting away the 
differences among the different instantiations of the repeated 
code; this is referred to as procedural abstraction and the name 
given is referred to as the procedure name. To account for the 
differences among the distinct instantiations, we list the variables 
of the program (i.e., the aspects in which the several objects differ) 
along with the name of the procedure. The variables thus listed 
along with the procedure are referred to as formal parameter: 
These variables/parameters can further be divided intomput a 
output variables; the input parameters are those through which 
you provide the input values to the program. These values form 
the basis on which the outputs are to be computed. In g 
words, procedures could be treated as relations between ne, 
and the output parameters. Such an algorithmic segment es 
a procedure (or subroutine) and the variables of the ae i 
segment are referred to as formal parameters. The p 
form is shown in Table 3. The body (i.e. 
keywords procedure and endprocedure of the proe 
same as the “code” given in Table 1. P. 
-ATO reals 
The identifier “SUMMING” is the name give procedi 
he name of HEP get! 


segment and is also referred to as t aab 
3 formal vat 


the procedure SUMMING,WN denotesa 
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Table 4. Computing N sums using procedure SUMMING 


N:=1; 

while N < M do 
call SUMMING (j). 
N; = N+1 


endwhile 


D J 


which can differ from one invocation to another. The notation 
N: integer indicates that N can take any value from the domain 
ofintegers. In other words, Table 3 defines procedure SUMMING. 
Having defined a procedure, we can use it as if it were another 
basiccommand. To clearly distinguish it from the basic commands, 
we use the keyword “call” to indicate its usage. For example, “call 
SUMMING(100)”, corresponds to executing the above procedure 
with the initial input value of N equal to 100. Now using the 
procedural form, the program for computing (1)(thatis, computing 


all the intermediate sums up to M ) can be written as shown in 
Table 4. 


In Table 4, the command “call SUMMING (j)” denotes the 
&xecution of the procedure SUMMING with variable (i.e., the 
formal parameter) N taking the value of j for each call; in this 
command j is referred to as the actual parameter as it is this value 
that is used in the execution of the procedure SUMMING. The 
Keyword “call” denotes the invocation of the procedural segment. 
This Keyword is omitted in several representations since it can be 
inderstood implicitly. It can be easily seen that the algorithms 
shown in 7; ables 2 and 4 are concise. Assuming one has 
r nderstood “code”, it can be said that the program shown inTable 
fis more comprehensible than the one shown in Table 2. Thus, 
Procedural abstraction not only makes the program concise but 
S easily comprehensible; the latter aspect is very important for 
Ra the correctness (either formally or informally) of the 
Rats To Se, procedural abstraction is based on the 
ciples indicated on the next page: 


yi 


ete tii aa 


Procedural 
abstraction leads to 
saving space for 
storing program 
code, easy 
comprehension 
and a good 
structure. 
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One of the usual 
techniques of 
problem solving is 
to break the 
problem into 
smaller problems. 
From the solution of 
these smaller 
problems one 
obtains a solution 
for the original 
problem. 


problem. 


Figure 2 Towers of Hanoi 


e Concentrate on the Properties shared bee Se 
abstracting away the differences. zal Object by 


e A succinct parametrization of the differene 
es, 


Procedural abstraction leads to saving space for stori 
5 orin 
code, easy comprehension and a good Structure. In fact Ve 
; it 
very handy when the same code-segment can > D&comes 


be iny 
> 0 
different purposes; these aspects as well as the power ofp Ked fy 
arameter 


will become clear in the next article when we discuss a gj l 
mp e logo 


like programming language. 
Recursion 


One of the usual techniques of problem solving is to break the 
problem into smaller problems. From the solution of these 
smaller problems, one obtains a solution for the original problem, 
Consider the procedural abstraction described above. Itis possible 
to visualize the given procedure as being decomposed into aset 
of procedures. It may so happen that a smaller procedure (i.e. the 
sub-problem) is also of the same form as the original procedure, 
except that in ‘measure’ it is than the original 
Assuming that we know the solution of problems fora certain 
finite set of base cases, we can then obtain a clear solution font 
original problem or the procedure. A procedural abstraction 
which refers to itself is called a recursive procedure. We illustrate 
this powerful concept through the following example. 


< smaller’ 


based onan ancient 


“Th: le is 
Example 1 (Towers of Hanoi) : This examp We are given three 


puzzle originating in a monastery in Tibet. 


a an a ` 
a | 
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ts, | gods and ” disks Genes, sizes. The disks can be stacked on 
| ihe rods, thereby forming ‘towers’. Let the N disks initially be 
placed on rod A in the order of decreasing size as shown in 
po Figure 2. The task is to move the N disks from rod A to rod C such 
“Bran that they are ordered in the original way. This has to be achieved 
Comes under the following constraints: 
ed for 
rie) Tn cach step only the topmost disk can be moved from one 
e logo rod and placed on tep of the disks on another rod. 


+ A disk may never be placed on top of a smaller disk. 
ə Rod B may be used as an auxiliary store. 


The problem is to find an algorithm which performs this task. 
ak the First let us consider the solution for N = 2. The solution is 
‘these | trivial ; shift the smaller disk on A to rod B; then shift the larger 
blem, | disk on A to rod C; now shift the smaller disk on B to rod C (on 
sible | top of the larger disk). Let us abstract it by the procedure 
oast | move_rod ( N, A, B, C) where N, (equal to 2 in this case) is the 
ethe number of disks on A; Band C do not have any disks initially; and 
edur, | finally all the disks are transferred to C and they are in proper 
gin. | Order. Let us see how we can arrive at the solution for other values 
ertain | Of N using mathematical induction. 


for the 
J Š 
re Now we have a solution for the base case: move_rod (N, A, B, C) 


T ' certainly possible for N = 2 (base case). For inductively 


arriving at the successive steps, we have to derive the solution for 
N, + 1 from the solution of N,. 


A procedural 
abstraction which 
refers to itself is 
called a recursive 
procedure. 


cient 
ee a ee + 1: The computation ofmove_rod(N, + 1,A, B, C) 
has ss s erived from move _disk (N, + 1,A, B, C) by the following 
| ) move rod (Ny A,C,B y 
| N, disks are moved from A to B using C as auxiliary rod. 
move disk (A, C); 
(N, + 1)th disk is moved from A to C directly. 
move rod (N.-B, A,C) 
The N, disks which are in proper order are transferred 
from B to C using A as an auxiliary rod. 
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The Towers of 
Hanoi problem is 
based on an 
ancient puzzle 
originating in a 
monastery in Tibet. 


— 


Table 5. Procedure for the Towers of Hanoi 


Steps: Problem 


4 


procedure move_rod (N:Nat_Number A:name, B:name Cn 
lf N>1 then pa 
move_rod (N - 1, A, C, B); | 
move_disk {A, C) 
move_rod (N - 1, B, A, C) 
else move_disk (A, C) 
endprocedure 


It may be noted that move_disk can be treated as abasic command 


What is special in these steps? We have split the original problem} 
into problems of smaller size. Further, the solution of the smaller 
problem is obtained by invoking the same procedure with appro- 
priate input. That is, the main procedure calls itself. This aspectofthe 
procedures where one uses the ability of a procedure to call itself is 


referred toas recursion. This is one of the very important features 
of programming. The algorithm is shown in Table 5. 


Trace of the steps for N = 4 


Step 1: » 
move_rod (3, A, B, C) 


Step 2 : The above cali leads to (N>1 holds): 
move_rod (2, A, C, B) 
move_disk (A, C) 
move_rod (2, B, A, C) 


oN?! 
e Step 3: The call to move_rod (2, A, C, B) leads 


holds) : 
move rod (1, A, B, C) 
` move disk (A, B) 
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ec 


ie 

Ba l move_rod (1, C, A, B) 
| | move _disk (A, C) 

| | move_rod (2, B, A, C) 


Step 4 : The call to move_rod (1, A, C, B) leads to ( N=] 
holds): 

move_disk (A, C) 

move_disk (A, B) 

move_rod (1, C, A, B) 

move_disk (A, C) 

move_rod (2, B, A, C) 


Lad o Step 5 : Taking the basic actions on the first two calls to 
move_disk leads to: 
Asien \ {The smallest disk has been moved to peg C (corresponding 
smaller to move_disk (A, C, )}; At the end of step 5 
a {The next smallest disk (as the first has already been the smallest disk is 
ofthe moved) has been moved to peg B (corresponding to in peg C, the next 
sels move_disk (A, B))} larger in B and the 
Pras move_rod (1, C, A, B) largest disk 
move_disk (A, C) remains 
move_rod (2, B, A, C) at peg A. 
° Step 6: The call to move rod (1, C, A, B) ( N=1 holds) 
leads to : {The smallest disk has been moved to peg Cand the 
next smallest disk is on peg B and hence, the largest (3rd) is 
on peg A}; 
move_disk (C, B) 
move_disk (A, C) 
move_rod (2, B, A, C) 
i * Step 7 : Executing the basic action (move disk) leads to: 


{The smallest disk has been moved to peg C and the next 


ee disk is on peg B and hence, the largest (3rd) is on peg 
> 
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At the end of step 7 
peg A is empty. Peg 
C has the largest 
disk and peg B the 
two disks in the 
right order. 


e Step 8: With the largest disk on peg C and the 


{The smallest disk on peg C is moved to peg B 

disk larger than it (corresponding tone pe topo 

{The largest disk on peg A is moved A = (C, By iF 

empty now) corresponding to move_disk (4 an (Which is 
move_rod (2, B, A, C) fra” 


e 


Other disk, 


on peg B (in the appropriate order), a call to move p dQ 
T00 LR, 


A, C) leads to: 
move_rod (1, B, C, A) 
move _disk (B, C) 
move_rod (1,A, B, C) 


e Step 9: With the largest disk on peg C and the other disks on 


peg B (in the appropriate order), ( and hence, peg A is empt 
the three basic actions can be rewritten as follows: 
{move the disk on B (the smallest) to peg A (corresponding 
to move _disk (B, A))}; 

{move the disk from B (the second largest) on to the top of 


J) 


C already containing the largest disk (corresponding to 
move_disk (B, C) )}; 

{move the smallest on peg A onto the top of peg C already 
containing the other two disks in appropriate order 
(corresponding to the call move_disk (A, C))}; 


ring the disks from 


Now, we have realized the objective of transfer 
terminates 


peg A to C as per the protocol. Further, the program 
as there are no calls left. 


‘ates jg less thal 

Now let us see what happens when the number of a nie 

3. The case when N =1 is trivial, as the disk is trans _ 9 From 
der the cas¢ Noe 


from peg A to peg C. Now, let us consi vad (Os ABO 
the procedure, it can be seen that the call move 
reduces to 

move_rod (1, A, C, B); 

move_disk(A, C); 

move_rod (1, B, A, ©); 
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This further rewrites into: 


mbve_disk (A, B); 
move_disk (A, C); 


move_disk (B, C); 
The basic actions lead to: 


move the smallest disk from A to B (corresponds to 
move_disk (A, B)); 

move the largest disk from A to C (corresponds to 
move_disk(A, C)); 

move the smallest disk from peg B to peg C on top of the 
largest disk (corresponds to move_disk (B,C)). 


Example 2. Recursive program for gcd 


Let us see from the analysis done earlier, whether we can arrive 
at a recursive program for computing the gcd of two positive 
numbers. From the earlier discussion, we have: 


gcd(m,n) = gcd (m remn, n). 


Now, we can derive a recursive program from the following 
observations : 


e To simplify, let us replace m rem n by m—n; this step 
Should be convincing since division could be treated as 
repeated subtraction. 


Table 6. A recursive gcd program 


Procedure gcd (m:integer, n:integer); 
if m=n then gcdisn 
else if m >n then gcd(m-n,n) 
else gcd(m, n-m) 
endif 
endif 


€ndprocedure 


A recursive 
algorithm to 
compute gcd is 
very elegant. 
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Vol.1, No.3, 1996), the ged algorithm ter 
remainder becomes zero. Since we are us 
can be easily seen that the condition can b 
e We should subtract the smaller numb 
number. Thus, the roles of m andn may 
Fortunately, gcd(m,n) = gcd(n,m). 


The program is shown in Table 6. 
Discussion 


In the previous sections, we have illustrated the advantages of 
procedural abstraction and introduced recursive procedures, 
The trace of the various invocations of the procedure calls, forthe 
Towers of Hanoi example, shows how the procedures are inyoked 
with new parameters. In a sense, one can consider the code yet to 
be executed as a push-down stack of procedure calls to be executed; 
in a push-down stack, you can access only the topmost element 
and hence we will be executing a procedure which entered the 
stack last (more about such data-structures will become clear in 
the forthcoming articles). Thus, one can assume that the program 
has terminated once the stack is empty and the last procedure has 
terminated. It can be observed that the recursive program for gi 
looks simple and easy to understand. However, from this 
observation, we should not conclude that whenever possible on 
should use a recursive program. These aspects will become cleat 


from the subsequent articles in this series. 
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Geometry 


5. Enter Bernhard Riemann 


Kapil H Paranjape 


In the previous article the author examined curves and 
surfaces. One might hope to continue by analogy in many 
dimensions. The concept of working in many dimensions 
js so bewildering (yet today so matter-of-course) that it 
needed the genius of Bernhard Riemann to show us exactly 
how it can be done. In just one lecture on the foundations 
of geometry he completely changed our way of thinking. 
Later geometers were to spend entire lifetimes trying to 
finish what Riemann had begun. Some even see the genesis 
of General Relativity in his lecture. 


A Manifold is a “Curvey-Curvey” Thing 


Manifold: An object that displays extendibility in many dimen- 
sions, i.e. a multidimensional object. 


How does one think about a higher dimensional object? This is 
the first question that Riemann addresses in his great lecture “On 
the hypotheses that lie at the foundations of geometry”. While 
there are a number of objects that we can examine physically in 
dimensions up to and including three it is difficult to think of 
dimensions beyond except abstractly —in one’s mind. Riemann 
“Uggests the following approach as one possible method. We can 
think of a curve as that which. is traced out by a moving (or 


tha . a r 
nging) point, a surface as that traced out by a changing curve, 
dsoon. A man 


Manifold of dim 
“m0 their Prope 


ifold of dimension n is traced out by a changing 
ension n—1. As we study such manifolds and 
rties we will ‘see’ them more clearly.’ 


nalyti : 
Yucally these n dimensions can be thought of as repre- 
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' This lecture was made 
particularly difficult to 
understand because Riemann 
had to lecture to a general (non- 
mathematical] audience and so 
he had to avoid too many 
symbols. This unfortunate 
circumstance continues to this 
day! 


2? This is a common approach in 
mathematics — we take a 
plausible definition and then 
work out all the properties. This 
gives us a feel for what the 
definition really entails. 
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3? For more knowledgeable 
readers —we are following the 
convention of Riemann’s lecture 
in that the study is only ‘local’ at 
the moment. Moreover | beg 
forgiveness of such readers for 
entirely neglecting analytical 
difficulties like the type of 
functions involved — smooth, 
analytic etc. 


4 Riemann actually does 
consider more general forms 
briefly but we will skip them 
here for the sake of brevity. 


CC-0. In Public Domain. Gurukul Kanari 


sented’ by functions x, ,...,x, on the manifold cal 
ca 


dinate’ functions. Specifying the values of each w the cog, 
0 


: : : t 

tions simultaneously, uniquely specifies a sing o 

manifold. Thus other functions on the manifold ca he the 
: N be 

of as functions f (xı ,...,x,) of n variables, I though, 


n fact functi 
many variables had been studied before Ri actions of 


geometric interpretation that gave these e 
meaning and scope, and thus led to a spurt 
functions. One point that needs to be emp 
is no obvious choice of coordinates—ind 


manni Was his 
arlie results More 
In the Study of such 
hasized, is that there 


eed there Could beg 
number of such choices as we see even in the case of dimensio 
Is 


2 and 3. We will try to examine properties that do not depend on 
any particular choice of coordinates. 


The above definition gives us the property called extension by 
Riemann; it says that around any point our manifold extends in 
n independent directions. But he points out that this is not 
enough to specify the geometry of the manifold. The additional 
metric property is one that allows us to measure distances. Ina 
radical departure from earlier work (except perhaps that of 
Gauss) he specifies distance by assigning magnitudes to ‘line 
elements’, which we have called velocity vectors. In other words, 
if one could measure the speed s(t) at every instant /as we travel 
along a curve, then we could compute the distance we have 


ntsi the 
travelled as Jso dt. The distance between two points 1s then 


d 
; istances travelle 
infimum (or greatest lower bound) of the dista «theory of 


; > Gaus: 
along various curves between two points. Eon jis speci- 
A 


nk 
surfaces the length of a line element dx = (dxi >=: n 
e 
fied by a form* Y giy (x) dx; dx;) % This means that the 


PET e integr] 
a curve (x; (£), - - - , Xn (t)) from to to 4 1$ given bY a 


ti n l 
=| », gy (x t)) EAO xj) # 
to 


ij=1 
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TSN pen 
; = 
Coon | — The Calculus of Variations 
fung. 3 
ithe | | Euler (and later Lagrange) developed the principal ideas for the 
Ought : Calculus of Variations. IfL (x1 ,...,Xn,91 3.. 39n) isa functionand 
Sf f we wish to extremise 
as hi $ . . 
his f L (xal) enes Xn (h Xr) annan (t)) dt 
More to 
such along all paths x(t ) = (x1 (¢),...5 Xn (t )) that go from p = x (to) to 
there q = x (t1); then this method tells us that we need to solve the 
Í beg equations 
Asiong y 
nd aL PL ae 
on Beall xex(thy=ex(t) — by ax Ok Ix=x),yexqy Xi (t) 
t=] 
n 35 
ion OL A 
noy = Dy dy, TEx =e) x; (t) 
nds in ip 
is not 
tional n 
s, Ina In our case we want L = (È gis (x) xix;)!. This is not likely to 
hat of ij=1 
“line have a nice form since the same curve may appear in many guises 
wi (parametrisations). It turns out that a better way is to extremise the 
t] 
‘energy’ 
travel 
3 have ia n 
EIS ij (x(t) xi (t ) x (t) dt 
ai 5 È gea) i) 5) 
j=l 
velled 3 
ory of for which L = OF gij (x) x;x;). The geodesic equations then be- 
speci: tga 
come 
gine 
n n 
ral OB ii Ogik dga N . 2 
ee rr Xi Xj = ik X 
à a T agani Otel ee 
= i=l 


Now : 
“OW Euler had given a way to find the extremal values of such 


nte Ny e 3 sh 
8rals (for the application to F ermat’s least time principle; see - 


Ox 2 A i 
A above), Applying his methods one deduces an equation for 
Path of extre 


mal (minimum or perhaps maximum!) length (see 


The paths of shortest 
length or geodesics 
are ‘straight lines’ for 
our geometry; and 
one advantage over 
the method of Gauss 
is that this definition 
does not depend on 
any ambient 
Euclidean space. 
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$ See previous footnote 3. 


6 A word of warning: the 
calculations that follow may 
seem complicated to the 
uninitiated reader, even one 
armed with a paper and pencil. 
The details can be found in the 
books listed at the end of the 


article. 


box on the calculus of variations), Noy 
- Now we 


¢ 
n saia i) 3 
atural’ assumption (which was later overt make the furth 
ur 


time context by Minkowski and Einstein) th Ned in th 
ata 


e 

€ Spacy 

eee t i 

form J giaiaj is positive for any collecti cach Point thy 
i 


ou of Umber - 
ily be adapted 4 
en show that the 
at least locally5) 
are ‘Straight line 
methods of Gauss 
mbient Euclidean 


(al ,.. -, an). Moreover, the given form can e 
that gij = gji; so we assume this. One can T 
extremal paths are indeed of shortest eei 
Thus the paths of shortest length or geodesics 
fon our geometry; and one advantage over the 
is that this definition does not depend on anya 
space. 


The next question is what quantities need to be determi 
determine the geomet i i ae 

g ry uniquely. The functions g; are clear! 

k y 

sufficient but don’t seem to be necessary, since they dine 
depending on the system of coordinates chosen. In a different 
system of coordinates (y;, . . . , Yn), One computes easily (exercise) 
that the g; transform into 


: Ox, Ox, 

2 2 ay Oy; OY; 

To take this into account Riemann argues heuristically as fol- 
lows: The metric is given by the n(n+1)/2 functions £; (nots 
since the symmetries g; = g; have to be taken into account} 
change of coordinates is given by n functions (the new eras 
functions). The difference is n(n — 1)/2 functions which ought 
be the number of functions required to determine the geomet) 
He then proceeds to construct n(n — 1)/2 fun 
These are the principal curvatures whose d 


below’. 


ctions as candid 
efinition is outlined 


. » . . = i a 
There is a distinguished choice of coordinates around 


s . 5 : iven 
point o. For each point near 0 let its coordinates bE 8! es 
Deeb aioe QUE 3 ; us 
velocity (i.e. direction and speed) with which sak i 
gF: ox : ec 
to reach the point in unit time (Exercise: Whataret 
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ther The Geodesic Normal Coordinates 
Pace | j 
It the We write the Taylor expansions of the functions 
nber - , 
otk f g) =g + l; + qj + higher order terms in the x s 
0 
i à ; x ; San 
: e where l; (respectively qj ) is a linear (respectively quadratic) func- 
lly i tion ofthe x; ’s. Moreover, by choosing an orthonormal system at 
lines the origino we can assume thatg j is lifi = j andQifi + j . Now 
al 3 - . 
ass we substitute the given geodesics (ta), . . . , tan) into the equations 
idean of the geodesic derived in the previous box. 
=< ff Og; Igir dg 
z (a a 
led to EA | OX Xj OX; 
eal Equating the coefficients of terms of various orders int we obtain 
nange 
ferent 5 O a ; The notion of 
lime re fae Xj xX; = A * 
cise) _ (2x ch hg, | principal curvature 
1,j= \ 


discussed here is 
different from that 


y ee, 
é a introduced for 


| ox. Ox; Ox; 

surfaces; however 
Now some simple manipulations show that l; = 0. Some more 
 fol- complicated manipulations show that cj, do indeed have the 
required form of equation (1) 


the name 
‘curvature’ for 
these quantities 
can be justified. 


finate for 0?). In other words, the coordinates are so chosen that the 
ght 10 Paths (ta, ,..., fa, ) are geodesics starting ato for every choice of 
ney: | DUmbers (@,,...,a@,) (and for small enough values of t). We 
dates. Substitute this in the equations for the geodesics and perform a 
dined | Simple calculation (see box on geodesic normal coordinates) to 
obtain the Taylor expansion of the metric in these special coor- 
ates (called geodesic normal coordinates), 


hosel 
py te z 5 
Se 2 
stat! 2 By dx;dx; = Y dx? + D cju Xaxi dx; dx; 
inats Me isl i,jayl=) 


+ higher order terms in the xps 
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We are in a small 
region of Euclidean Quadratic Forms 


space if and only if Let Q (x 1,... , Xn) bea quadratic form. We show 
y 


curvature is zero. there is an orthonormal linear 


ie = SS mi; y ; SO that 
j 


h Induction thay 
cha 
nge of Coordin ate 


O EENE X yy? 


Let S denote the collection of all points (x4 xa) such 
2*3 Xn) Suc that 


2 
D xj = 1. Let (a1, .. . , an) be a point on S Pai 
is maximum among all points on S. Wecan easily show e 
r 


point (x;,...,x,) On S such that D xiai = 0 we haye 


+ flr) 
any 


2 
SA SAn C) ase l 2 
Q (say l> EN 1) > Q (a1, .- +5 an) + EO (esna) 


Choose an orthonormal change of coordinates so that COT 
JR, 


becomes (1, . . . 0). The expression we then obtain is 


O (£i: ->Xn) = Aryt + O Onen) 


where A; = Q (ai, ..-, an) and Q’ depends on a smaller numberof 
variables. An induction argument completes the proof. 


Moreover, the c;; ,, are numbers such that 


n 


= af) 
caper aia; bp by = ed et (a; bj ; — ajb i) (arbi = a) 
i,j MERE l<i<jxn 


1<k<lsn 


(1) 
k ; ou tof 
for some numbers d jj , x. The right hand side can be i aa 
as a quadratic form in the variables Aij = Citi cad form 
1 <i<j<n. This quadratic form can be put into vey Bu 
2 9 t. 
by an orthonormal linear substitution Aij = Dy 


box on quadratic forms). 


root’ 
al curva 
} 3 he rincip 
The ‘diagonal entries’ k;; are then called t : ), This ç notion” of 
at o (the minus sign is for historical reason com , gust 

tro 
f principal curvatures is different from that in a rore fot i 
ec 0 
in the previous article; however, the nam p of vee 


| air 
| ider a P 
4 quantities is justified as follows. Cons 
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a ji a Mey ‘ 

,a,), (bi, <- -> bn) and the surface described Parametrically 
(a), . n ` > . 
5 the collection of all points (sa, + tb;,...,$a,_ + tb,). The 
a 


Gaussian curvature of this surface at o can be computed and 


shown to be 


= (È dijki (aibj — ajbi) (ay bı — arb) ) 


į PSTN 
Isk<lsn 
For manifolds of dimension 2 (i.e. surfaces), this is precisely the 
Gaussian curvature introduced in the previous article, Now note 
that there are n(n—1)/2 variables A;,; and thus there are n(n—1)/2 
principal curvatures. Thus we have obtained the required 
n(n-1)/2 functions on the manifold; unfortunately the count of 
Riemann doesn’t quite work beyond this point.’ However, it is 
true that we are in a small region of Euclidean space if and only 
if the curvature is zero. It now appears that these depend ona 
special choice of coordinates, but since this choice was deter- 
mined by the metric, it turns out that these quantities have an 
interpretation independent of the choice of coordinates (this was 
demonstrated by Riemann and later simplified through the work 
of Christoffel, Cartan and Koszul). Thus we have found a collec- 
tion of quantities that depends only on the manifold and not on 
achosen coordinate system. Moreover, these quantities general- 
ise the notion of curvature and as a by-product we also have a 
Proof of Gauss’ Theorema Egregium. 


Riemann then addressed himself to the question of what this 
Means for Space, i.e. the world around us. First of all, this 
Curvature could be computed by making measurements. Though 
Measurements (in his time) had not shown up any curvature, he 
"ys this only demonstrates that the curvature is extremely small. 

Hse curvature being exactly zero is precisely the condition for 
“ing in Euclidean space, this lays the question of whether space 


i A 5 
` Euclidean or not, firmly at the door of the experimental 
“lences, 


rene cece, 


Since curvature being 
exactly zero is 
precisely the condition 
for being in Euclidean 
space, this lays the 
question of whether 
Space is Euclidean or 
not, firmly at the door 
of the experimental 
sciences, 


7 The margin here is too small 
for a proof! 
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ê In the words of an old lady 
responding to a lecture by 
Eddington, “if the umbrella has 
a boundary | could just goto the 
edge of the universe and poke 
out my umbrella!” 


Gauss, who was 
extremely sparing 
in his praise, came 
out of Riemann‘s 
lecture transfixed 
with amazement 
and full of 
compliments. 
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Indian Statistical Institute, 


8th Mile, Mysore Road, 
Bangalore 560 059. India 


The remaining problem is that of the global me- 


s k Struc 
Riemann pointed out that r ture o 
Į í ! that si proper ty ofunboundedn f space, 
property he called ‘extension’. This does not 88 is the 
hee : ; contrag; 
possibility of the universe being finite. In fact, he Ntradict the 
; > NE po 
if the curvatures of space are everywhere oo A 
a 


constant, then the universe must close upon itself li 
1 


nts out that ý 
na Positive 
kea Sphere, 


Thus the global structure of our geometry is directly re] 
re ated to 


the quantities computed locally, i.e. curvatures 
Summary 


It is not at all surprising that Gauss, who was extremely sparing 
in his praise (he only noted to Bolyai, Lobachevsky, Jacobi, Abel 
and others that their work was good—since it wasin conformity 
with his own calculations!), came out of Riemann’s lecture trans- 
fixed with amazement and full of compliments. Most of the 
details of calculations in this lecture were only available in later 
papers of Riemann; these appeared late since Riemann wasaman 
with many interests. Other papers by Riemann that were to make 
a lasting impression were the ones on the theory of functions of 
a complex variable and the paper on the Prime Number Theorem 
(which led to the famous Riemann hypothesis of number theory). 
In any case Riemann transformed geometry completely and this 
explains why the entry of Bernhard Riemann into geometry must 


always be noted with thunderous applause! 


Suggested Reading 


Math. Studies: No. 55 


J W Milnor. Lectures on Morse Theory, Annals of 
Princeton University Press, New Jersey, 1963. Bae 
Book which deals with many topics covered here ahg Paiste vol 

M Spivak.-Comprehensive Intoduction to Differential Geo 
Publish or Perish, Berkeley, 1970. 

The author depended upon the translation of 
“in the above book. 
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Know Your Chromosomes 
3. Hybrid Cells and Human Genetics 


Vani Brahmachari 


The selective elimination of human chromosomes in mouse- 
human hybrid cells generates a unique system for 
cytogenetic analysis. The use of such somatic cell hybrids 
in chromosome mapping is discussed in this part of the 


series. 


Thanks to our unique abilities we are capable of reigning over 
almost all living beings: certainly over mice, rats and hamsters. 
However, the results of artificially fusing a mouse cell with a 
human cell suggest otherwise. When two cells are fused under 
suitable conditions, their cytoplasms get mixed first, followed by 
the fusion of the two nuclei. After nuclear fusion, as the cells 
continue to divide, some of the human chromosomes are selec- 
tively lost while all the mouse chromosomes remain intact. As if 
compromising on coexistence, a certain number of human 
chromosomes, varying from one to five pairs, remain stable in 
these hybrid cells after several divisions. In spite of this 
chromosome elimination we have exploited hybrid cells to learn 
about our genetic endowment!! 


Exploiting The Hybrids 


The basic scheme for generating hybrid cells is shown in 
a ure 1. We have already learnt that human chromosomes can be 
identified by their staining properties and the specific genes they 
“ontain. Therefore it is not difficult to imagine that by careful 
“Petimentation one can create a library, not of books, but of 
Ybrid cells. Each clone of cells! in the library, would contain 
only one or a pair of human chromosomes, plus a background of 
Mouse chromosomes. Cell fusions have been carried out not only 
“tween human and mouse cells but also between human and 


Vani Brahmachari 
is at the Developmental 
Biology and Genetics 
Laboratory at Indian 
Institute of Science. She is 
interested in 
understanding factors 
other than DNA sequence 
per se, that seem to 
influence genetic 
inheritance. She utilizes 
human genetic disorders 
and genetically weird 
insect systems to 
understand this 
phenomenon. 


1A clone of celis derived froma 
single parent cell is expected 
to consist of cells identical in 


most respects. 
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Figure} The basic scheme 
for generating hybrid cells. 


(40) (46) | 


fusion promoting agent 
(e.g. inactivated sendai virus) 


Selective growth medium 


Only hybrid cells survive 
(40+n) n varies from 1 to 10 


rat cells. In all these instances, there is selective loss of human 
chromosomes. The reasons for this are not known. Human celf 
can be fused among themselves too, but this does not E 
specific advantage in gene mapping. How do hybrid cells A 
mapping a gene? Basically one should be able to 25 


: by 
: ir function 0: 
presence of the human genes either by their fun f these 
ate both 0 


Each clone of cells physically identifying them. I will illustr 
i in the library would ` approaches with a specific example. 
contain only one or 
a pair of human Tracking By Function hi 
omes, plus a 
seats aati of Central to this approach is the possibility Be p ain i, 
mouse human chromosome can complement nei ate pen 
chromosomes. mouse cell. In order to select a hybrid cell o 
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inRNAand DNA are synthesized from a 


Hybrid cell ` 
combination of simple precursors aA W 


through several enzymatic reactions. 


ES | ARTICLE 
SS in S PETOG area — 
a ere i tans aa ae tle 
| Selection of Hybrids by Function | 
| 
eH i d adenine found 
1 purines like guanine an Mouse cell Human cell | 
| 


HPRT ~, TK + Hert +, TK ~ 


i iscalled denovo synthesis. 
This processi y. S o 


Aminopterine (a drug), inhibits denovo Medium with Hypoxanthine, Aminopterine, & Thymidine 
synthesis. Under ‘such conditions (HAT medium) 
vertebrates utilize a salvage pathway E 


to synthesize nucleotide triphosphates. 
Jwo key enzymes of this pathway are ~> "eg Ry, 
hypoxanthine guanine phosphoribosyl 


transferase (HGPRT or HPRT) and 
thymidine kinase (TK). 


dies dies 


When aminopterine inhibits de novo synthesis, the mouse and HPRT from human cells. By 
mouse cells cannot utilize hypoxanthine as they are karyotyping hybrid cells, it is seen that they 
HPRT and similarly human cells cannot utilize have the human X-chromosome. Thus one 
thymidine as they are TK’. But hybrid cells (shown in can conclude that HPRT gene is on the X- 


pink) survive as they have both enzymes; TK from chromosome. 


umat | to devise a condition in which only the hybrid cells but not the 
nicl! parent cells (namely the mouse and the human cells) survive. 
fer ay | This is done by starting with parent cells which are each defective 
help!" | inone of two different enzymes and therefore can survive only in 


ss tht | aset of Conditions, say growth medium A. But when a hybrid is How do hybrid cells 
oY | formed the defects in the two parent cells are compensated or help in mapping a 
the? | complemented by each other and hence the hybrid can survive in gene? Basically one 
* growth medium B, where the parent cells cannot survive. This should be able fo 
' illustrated in the box above. assess the presence 
of the human genes 
Having Selected the hybrid cell one can propagate it and analyse either by their 
e! | its chromosomal profile or karyotype. There isa lucky break here! function or by 
in E Al mouse chromosomes are acrocentric, meaning that the physically identifying 
onei | Centromere is at one end and they look like the letter ‘V’ in a them. 


ae R i 
? ESQ | 
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With a combination of 
methods, it is 
possible to localize 

a gene not only to 

a chromosome, but 
also to a specific 
band on the 
chromosomes. 


CC-O. In Public Domain. Gurukul Kangri Collecti 


metaphase preparation; this makes them dis 
chromosomes. We also know (Resonance, y 
1996) that one can identify each human ¢ 
specific banding pattern. 


tinct from 
oll, N 


0 may | 
1J auy | 
Some with A 


hromo 
Using this approach, one selects for hybrid Cells c 
human chromosome bearing the gene that can co 
deficiency in the mouse cell. For instance, mouse 
in enzyme El and human cells defective in enzym 
as parent cells. Hybrid cells grow in the special g 


Ontaining the 
Mplement the 
Cells defective 
eE2 are chosen 


4 Towth Medium 
provided they have enzyme E1 coded by the human chromos 
ome 


along with the complete complement of the mouse genom 

Thus one concludes that the human chromosome retained i 
A n 

these hybrid cellş has the gene coding for enzyme E1. 


As you can see there are several conditions to be fulfilled before 
you localize a gene to its chromosome by this approach. The 
major criteria are (a) availability of parent cells with appropriate 
deficiencies and (b) a selective medium where only hybrid cells 
but not the parent cells grow. 


Therefore the approach of functional complementation is of 
limited applicability and has been used to localize enzyme coding 
genes on chromosomes suchas 17, 16, 12 and the X-chromosome 
The other approach requires a knowledge of the DNA sel j 
of at least part of the gene. An analysis based on antl 
specifically directed against the human protein suspected : 
expressed by the hybrid cell can also be used for selecuon: 


Mapping by DNA Sequence 

at 
Let us assume that we have a DNA fragment a ie t0 
unknown function from the human genome. me. 
localise this DNA fragment to a specific ch aes opt 
have a library of hybrid cells, say from 1 to 23; A etd! 
human chromosome. What one does is tag the D 


before 
h. The 
opriate 
id cells 


n is of 
coding 
\osome. 
quence 
ibodies 
d to be 


yn. 
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= 
a Tagged DNA 
g 
y 

Jaona 
A Microscope slide with 
~ w 
metaphase chromosomes 


| 


Processed to eliminate non-specific 
hybridization. 


Only specific hybridization 
retained 


As seen under the microscope 


hand either with a coloured chemical or a radioactive isotope. 
This tagged DNA can pair only on the chromosome where an 
identical DNA stretch is present. This is schematically depicted 
in Figure 2. This process is called hybridization and can be carried 
out either on chromosomes or on DNA derived from the clones. 
When itis doneona chromosome, it is calledin situ hybridization. 
The same procedure can be carried out on chromosomes arrested 
at the metaphase stage of mitosis, from human cells as well. 


With a combination of methods, it is possible to localize a gene 
not only to a chromosome, but also to a specific band on the 
chromosome. For instance, by hybridizing a DNA sequence 
‘orresponding to the interleukin (a cell growth factor) coding 
Sene on metaphase chromosomes one can detect hybridization to 
the long arm of chromosome 4 between band 26 & 27. Thus the 
map Position of the interleukin coding gene is denoted as 4q26- 
927. Mapping genes byin situ hybridization on metaphase chro- 


MOsomes of hybrid cells has become almost an obligatory step in 
uman genome mapping. 


Figure 2 in situ hybrid- 
ization; the Photograph 
Shows the view as seen 
under the microscope. 


- 


Mapping genes by 

in situ hybridization on 
metaphase 
chromosomes of 
hybrid cells has 
become almost an 
obligatory step in 
human genome 
mapping. 


RESON 
ANCE June 199660. In Public Domain. Guruk angri Collection, Haridwar = 


Digitized by Arya Samaj SdURUEGon CARMEL BEd eGangotri 


Table 1: A Listing of Representative Loci Mapped to Chromosomes 2 3 
“3 and 4 


Gene/disorder Chromosomal location Mod, 
ERE ME SEAN . SA eof Inherit 
oe aE Ce a a a re ae Once 
1. Apolipoprotein B (APOB) 2p24-p23 Autos 
APOB is the main apolipoprotein of low density lipo proteins (LDL) that occurs omal dominan 


in plas 
leads to coronary artery disease, gait disturbance, ataxic hand movement. a Deficiency 


2. Colon cancer, familial (FCCI) 2pl6 
The gene in this region is involved in repairing errors in DNA replication. Mutat 
a repair system which leads to DNA instability and colon cancer. 


Autosomal dominan 
ton results in failure of 


3. Pulmonary surfactant 2p12-p11.2 
Apoprotein (PSP-B) 

The gene codes for a protein associated with lipid rich pulmonary surfactant that prevents lung collapse 

by lowering surface tension at air-liquid interface. Defect in the gene leads to respiratory failure, 


Autosomal. recessive 
\ 


| eS URMDOU MARIE a ete ee a en 
4. Xeroderma pigmentosum I! (XP2) 2q 21 Autosomal dominant 
The product of this gene is a helicase involved in repairing DNA damage caused by ulfravioletradiation, 
A defective gene leads to sensitivity to ultraviolet rays and increases the predisposition to skin cancers, 


5. Insulin-dependent diabetes 2q Autosomal recessive 
The nature of the gene is not known. Mutations in this region increase the susceptibility to Insulin: 
dependent diabetes melitus. l 

C E TO e a 
6. Brachydactyly Type E (BDE) 2q 37 Autosomal. aoma 
Mutations in this locus lead to short stature, shortening of fingers and reduction in number ofdigts M 
kind and intensity of defects vary between the members of the same affected family. Itis@ locus wh 
seems to be involved in a complex phenomenon like three dimensional form. 


Von Hippel-Lindan 3p26-p25 
syndrome (VHL) 
The syndrome is characterised by several carcinomas, renal cysts and hy 


7. 


gene(s) is not known. 


8. Hypernephroma (HN) 3p 14.2 
Mutations at this locus result in hereditary renal cancer, adenocarcinoma 


the gene(s) is unknown. 


: 3p11.1-q11.2 
9. Protein S (PSA) 3 
it is a vitamin-K dependant plasma protein that prevents blood clotting. 


results in thrombosis or inappropriate clotting of blood. 


The deficien' 
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| Gene/disorder Chromosomal location Mode of inheritance 
ance) | 10. Rhodopsin {RHO} 3q21-q24 Autosomal dominant and 
—~_| | S G recessive forms known 
inant This is a visual pigment mediating vision in dim light. Defect results in retinitis pigrnentosa, defects in 
eng retinal pigmentations and night blindness. 

-a i a 

ae Dips stcrosestsdmnathase (SI) 3q25-q26 Autosomal recessive 
inant 


tis an enzyme found in small intestine brush-border membrane, involved in hydrolysing sucrose. 


re of Deficiency of the protein results in malabsorption of sucrose from the diet leading to diarrhoea, 
disaccharide intolerance, and kidney stones. 
camel — 
ssive i z 
12. Huntington Chorea (HD) 4p 16.3 Autosomal dominant 
apse The disease gives rise to progressive, selective neural cell death associated with choreic movements 
5 and dementia. li is associated with CAG triplet repeat expansion in a gene called huntingtin. 
_ e 
inant 13. Cyclic nucleotide 4p14 Autosomal dominant and 
ation, gated channel recessive forms known 
Icers, Photoreceptor {CNCG) 


— Involved in the function of rods and cones in the eyes. Defective protein leads to retinitis pigmentosa. 


ssive 


uli 14. Dysalbuminemia (DALB) 4qll-q13 Autosomal dominant 
Gene codes for albumin which is one of the most abundant proteins of blood serum. tacts as a carrier 
al for steroids, fatty acids and thyroid hormones. Mutations in this gene result in disorders of connective 
inant tissue like cartilage, tendon and ligament. 


5, The 
wl oaeee yU 


I5. Mucolipidosis Il (ML2) 4q 21-923 Autosomal recessive 
EP The disorder is characterised by congenital dislocation of the hip, thoracic deformities, hernia, slower 
inant Psychomotor development and restricted joint movements. It is suspected that there is leakage of 

enzymes from lysosomes, the suicide bags of the cell. 
ofthe e 

16. Interleukin-2 (IL2) 4q 26-927 Autosomal recessive 
A Itis a cell-growth factor required for the proliferation of lymphocytes. Defect in the gene results in severe 
inant combined immunodeficiency. 
ured | 

7. Muscular dystrophy 4q 35-głer i Autosomal 

Facio scapula 


humeral (FSHD) S 
€disorder leads to muscle weakness; symptoms appear early in infancy firstin the face, 


n 


“nd shoulder muscle. Gene responsible not identified. HaT ! 
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Huntington's 
disease is an 
example in which 
the severity of the 
disease depends 
on the sex of the 
parent from whom 
the defective gene 
is inherited. 


Figure3 A representation 
of chromosomes 2, 3 and 4. 
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Genes on Chromosomes 2,3 and 4 


A representation of chromosomes 2, 3 and 4 is shown; 

As of now the total number of genes localized A cach j, 
199 (chromosome 2), 191 (chromosome 3)and 15 x 
4). These genes include those responsible for enc 
growth factors and proteins involved in neural p 
lists some genes from chromosomes 2, 3 and4, A 


theca: S 
0 (hone, 
oding Enzymes 
athways, Tablp 
Sone may noties, 
omal location J 


there is no clustering of 
genes just because they are part of the same metabolic pathy 
iay, 


there is no relationship between the chromos 
genes and their function. In most cases, 


One of the genes mapped to chromosome 4 is the gene for 

Huntington’s disease or Huntington’s chorea. Named after Georg 

Huntington, a physician who described the disorderin 1872,iti ` 
a dominant autosomal disorder that leads to nerve cell death, 
progresses with age and is associated with rigidity, loss of memory 
and personality changes. Typically, the patients die 10-15 year 
after the onset of the disease. This disorder is representative ofa 
class of disorders which may not be seen at birth, but occurs at 
different ages in different patients. The age of onset of the disease 
can be from 10 to 70 years. This is also an example in which the 
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everity of the disease depends on the sex of the parent from [| 
s 


3 eg ; PAG | Address forcorospondence | 
whom the defective gene is inherited. If the child inherits the | Vani Brahmachari 


defective gene from the father, it is likely to have a more severe Developrnental Biology and 
disorder than the father and at an age earlier than him. When 
inherited from the mother, both severity and age of onset are 
likely to be simillar between the child and the mother. 


Genetics Laboratory, 
| Indian Institute of Science, 
| Bangalore 560 012, India 


See 


The identification of the gene responsible for Huntington’s 
disease was announced in 1993 in a research paper authored by 
58 scientists belonging to six different groups! The protein coded 
by the gene is named ‘huntingtin’ and is believed to exert its 
effects by interacting with other proteins. The nature of the 
mutation that leads to the disorder has helped us understand at 
least partially, the basis of differences in severity and age of onset 
from one generation to the other. But how the human system 
tolerates the absence of a functional gene product in early life but 
not later is far from clear. Perhaps there is functional redundancy 
suggesting that nature, the excellent designer, has provided 
sufficient backup to avoid a system breakdown, 


| Suggested Reading 


Nils R Rigertz and Robert E Savage. Cell Hybrids. Academic Press. New 
York, San Francisco, London. 1976. 

Daniel Hartl. Human Genetics. Harper and Row Publishers. New York, 
Cambridge, London. 1983. 

Friedrich Vogel and Arno G Motulsky. Human Genetics: Problems and 
Approaches. Springer - Verlag. Berlin, Heidelberg, New York, Tokyo. 
1986. 

Victor A McKusick. Mendelian Inheritance in Man: Catalogs of Autosomal 

Dominant, Autosomal Recessive and X linked Phenotypes. Vol I and II 

Tenth Edition. The Johns Hopkins University Press. Baltimore and 

London. 1992, 


Gront, Oh God, thy benedictions 
On my theory's predictions, 
Lest the facts when verified, 
Show Thy servant to have lied. 


Anonymous poetic supplication ... 
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What Happened to Hyakutake? 


_ 


uy | Se 0 Soon e ——— | 


B S Shylaja is with the 
Bangalore Association for 
Science Education, which 
administers the Jawaharlal 
Nehru Planetarium as well 
as a Science Centre. After 

obtaining her Ph.D. on 
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essays on scientific topics 


to reach students. 


1 Magnitude six is about the 
faintest that the naked eye can 
see. Each additional magnitude 
makes the object abouta factor 
of 2.5 dimmer, so magnitude 11 
is a hundred times too dim to 
be seen unaided! 
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On the Trail of a Comet 
B S Shylaja 


The comet Hyakutake was discovered on Janua 
this year. In this article the author describes m 
features associated with it. 


any special 


The beauty of a particular celestial object attracted a lot of 
attention in March 96. The hero was not the brilliant (eclipsed! 
sun, but a tiny object called comet Hyakutake. | 
This comet, discovered on the 30th of January by the Japanese 
astronomer Yuji Hyakutake, has many special features. When it 
was first spotted with binoculars, it was a fuzzy blub of 
magnitude ! 11. However a quick follow up on the position 
details revealed information on the orbit and an extraordinary. 
situation arising as a consequence. 


Generally, all the comets are discovered, i.e. detected for the first 
time in their orbit, at distances of about 2-3 AU (one astronomical 
unit is the mean distance from the earth to the sum, about 
150,000,000 km.) as very faint hazy blobs. Most of them g0 
unheard of (by the layperson) since they do not reach E 
visibility limit of even small telescopes. They become brightes 


. helion. This 
when they are very close to the sun, that is at the perihe a 
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Austin or Levy. Therefore for astronome 
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horizon) isaluxury and Hyakutake offered this very generously, 
How did it do that? 


jt wandered slowly in the constellation of Libra for almost the 
whole of February and most of March. Rising just about midnight, 
it crossed the meridian by the early hours of the day making life 
yery easy for telescope users. This guaranteed 3-4 hours of 
astronomical observation in the clear winter months. By the 
second week of February, the spectroscopic details started 
pouring in, in the IAU circulars. (These are quick messages that 
are despatched for the benefit of the astronomical community.) 


The comet then headed towards the sun in its usual course. 
Surprisingly one the way to its perihelion point, it crossed us via 
the north pole and as a consequence was available above the 
horizon all through the night for about 4 days in the last week of 
March. The distance was a mere 0.1 AU on March 25th and it 
showed up quite brightly letting millions enjoy this rare sight of 
a comet at a pole. (In 1983, the comet [RAS-Araki-Alcock 

provided a similar opportunity, but it enacted this at very short 
notice depriving many of the rare sight.) The tail, which was 

faintly recognizable till March 20th, grew and then changed its 
orientation by the end of the month. 


Astronomers noticed one more peculiarity of the comet on March 
26th just after its closest approach to the earth. The nucleus of the 
comet which appeared very sharp to the naked eye, had split into 
two fragments. The two drifted slowly apart and their velocities 
Were also measured. We are now immediately reminded of the 
“string of pearls” which created exciting news a couple of years 
380. The comet Shoemaker-Levy 9 which plunged into Jupiter 
had broken into 21 pieces. Why do comets break into pieces? 
Before answering this question we should know what comets are. 


What are Comets? 


Comets are very tiny (average size 4 km) fragile, irregularly 
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It is a luxury for 
astronomers to be 
able to see a 
comet at a very 
comfortable 
elevation (i.e. high 
above the horizon} 
and Hyakutake 
offered this luxury 
very generously. 
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The Rocket Effect 


Imagine that there is a snowman on the surface 
of a rotating comet. The snowman experiences a 
Sunrise, sun af zenith and a sunset, akin to his 
counterpart on earth. Therefore the rate of melting 
of the snow increases gradually from morning, 
reaches a maximum by about mid day and 
reduces by evening. The chillness in the night 
however is sufficient to freeze him back again. 
After several days we would notice the 
evaporated material accumulate over the head 
of the snowman, because of the maximum rate 
of melting at midday. Some of this material will 
escape from the comet, because of the low 
escape velocity and this will generate a recoil 
effect. The direction of the recoil that is whether it 
is clockwise or anticlockwise will be decided by 
the spin of the comet. This effectively reduces or 
increases the orbital velocity and is called the 
rocket effect. This rocket effect was suggested 
as early as 1835, when Bessel observed the 
apparition of Halley that year. Comet Halley 
was spinning the ‘right’ way and got delayed in 


reaching the perihelion Point at | 

apparitions. Comet Encke Was a 

7 nni 

wrong way and reached Perihelion ‘ee l; 

the scheduled time. The rocket effects Bie 
U 


i ee 
explained these anomalies essfully 


Comet’s 
orbital path 


Resctiog 
force 


Figure i As a comet approaches the sun, the 
gas molecules evaporate from the surface of 
the nucleus. The ejected gases have a 
preferential direction with reference to the 
sun-comet line. The recoil of the nucleus due fo 
this gets the name ‘rocket effect: 
emi ae 


5 c , irtue 
shaped bodies generally referred to as dirty snowballs’, by v 


of their various ingredients. Most of them are visi 
volatile gases vaporise due to the sun’s heat energy: 
the density of the surrounding gaseous materia 
closer. The gases envelope the central body ca 
at the perihelion point they block the view 0 


The eccentricity, €, 
is a measure of the 
departure of an 
ellipse from a 
circle. A circle has 
eccentricity zero, 
while the parabola 
has 1. 
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Comets obey the same universal laws of motion 4 
unlike planets they have elongated orbits. Ma aici 
can say their eccentricities are close tou 
is a measure of the departure of an ellips 
has eccentricity zero, while the parab 
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ae Daae i re N DREE a 
D have eccentricity e close to 0, with only Mercury and Pluto 
deviating to about 0.1. That explains why the orbits of periodic 


sive | comets resemble a parabola, even though they are really ellipses. 
fhe | . 

s 
d of Many comets get perturbed very easily by a planet on their way 
fully | to the perihelion. The comet Halley, known for its periodic 


yisits, thus has a period ranging from 74.4 years to 79.2 years. In 

the original paper in 1709 by Edmund Halley, which predicted 

the return of the comet, he mentions that Jupiter undoubtedly 
| had serious effects on the comet’s motion. 


| It must be remembered that comets are fragile bodies. Their 
tensile strength is very low — of the order of 1000 dynes/ent 


(Compare this with the strength of, say aluminium, which is Comets obey the 
Reaction a 9 2 > $ SAE > 
fore of the order of 10’ dynes/cm?.) That is similar to a snowball same universal 
which can be pulled apart with bare hands. The gravitational laws of motion 
pull, by virtue of a comet’s low mass, is also very small. as planets, 
Remember that it requires a velocity of 11 kms/sec for an but have 
the object to leave the earth, whereas a similar escape velocity for elongated orbits. 
4 . . . . 
Dd atypical comet is about Imetre/sec. What is the consequence Mathematically, we 
ye a of this low surface gravity? can say their 
) the eccentricities are 
veto Wel t i i vente close to unity 
e learned that the material which was frozen in the nucleus, . 
evaporates during the period of perihelion approach. The 
paa 


| ‘vaporated dust and molecules are dragged along for a while and 
ryirtue | ultimately become independent of the nucleus. Moreover, they 
ysethe | are pushed into the shadow region of the nucleus which is away 
creas | ftom the sun. The solar wind pushes and aligns them neatly 
ymo | asthe tail of the comet. 


i 45 the comet approaches the perihelion point, the molecules are 

“Xposed to the intense ultraviolet radiation, which breaks them 

ots, | apart and they become identifiable by their spectra. Very close to 

hs a Sun, they are deprived of their electrons as well and the ions 

ar | us formed are electrically charged and are exposed to the 

canes lines of force of the solar wind. They align themselves 
a different tail identified as the ion tail of the comet. 
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1950 was the most important year in 
cometary astronomy. Oort proposed the 
‘cloud’ or a store house of comets in the 
remote reaches of the solar system, a 
hundred times further than Pluto. Kuiper 


Neptune for short period comets; Whipple 
offered the ‘dirty snowball’ model for the 


cometary nucleus. 


The model predicts the rate of production of 

molecules at different heliocentric distances. The 
gaseous activity becomes recognizable at about 
3 AU. Beyond this distance the spectrum shows 
only continuum. At3 AU the CN emissions appear, 
at about 2 AU C, and SH, appear. As the comet 
proceeds towards the sun, at about 1.5 AU the 
spectral lines of C,, CH, OH and NH appear. By 
nowthe continuum is very weak or in other words, 
the emissions dominate the spectrum. These 
strong colourful lines look beautiful through a 


spectrograph. At still closer distances, ionised 


Thus comets are endowed with the special privile 
tails millions of kilometres long, that can be shape¢, 
to 25 to 30 degrees of the sky, or can be colou 
providing a yellow tint. All this beauty is ac 
particles in the tail that are lost forever! 


Comets are endowed 
with the special 
privilege of developing 
tails millions of 
kilometres long, that 
can be shaped, or 
stretched to 25 to 30 
degrees of the sky. 


suggested a ‘belt’ beyond the orbit of eaoius| " 


Although the fragmentation of the 
the Shoemaker-Levy episode, more 
One recent event was McHoltz whic 
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Models in Cometary Astronomy 
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Figure2 The general distribution of the ions 
and molecules in a cometary coma shows the 
parent molecules like H,O, HCN and CH,CNin 
the inner coma. As the comet nears the sun, 
other molecules and ions are created, 


species like CO+, OH, N+, and CH* appear. The 
study of the spectrum and its variation through 
the perihelion passage is important, because 
differences in the spectra reveal the nature ofthe 


nucleus itself. 


ge of developing 


l with sodium 


0 
hieved at the cost 


The Breakup of the Nucleus 


gedi 
nucleus was bes! ae 
than 25 such ae pt 
h split in 199. i 


Digitized by Arya Sama ANEWAC | ABHIGLE 


yf 


type of splitting in many cases. 


fgg 


s the family survived, but broke into pieces. 


sun When comets split, the pieces do not fly apart. Calculations 
assuming the mean density to be about 0.5 gm/cc, (half of that of 
water), and a rotation period of 12 hours for a comet of size 12 km 
show that a particle at its equator (if it has any defined), would 
depart with only a velocity of 0.72 meters/sec relative to the centre 
of the comet. Many comets rotate much more slowly. This means 
that the drifting of pieces is not observable. Even when a piece is 
freed of the gravitation of the nucleus, it drifts slowly with 
continued weak interactions, which can cause further splitting of 


the fragments. 


*PPears, however, that this has not happened. 
Suggested Reading 
R 
Ni 


; gel Calder. The Comet is Coming. BBC. 1980. 


tious circulars from the IAU. 


dation, Chennai and e 
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of West in 1977 was also well studied. Sometimes two or more 
comets share the same orbit indicating that they were once a 
single piece. Calculations point to Jupiter as responsible for this 


There is a family of about 16 comets, generally referred to as the 
Kreutz family (after Heinrich Kreutz, who investigated the comets 
and identified this group), which passes very close to the sun— 
within 3 million kms or less. Marsden of the International Bureau 
of Telegrams suggests, based on orbit computations, that all 
| these may have resulted from the fragmentation ofa comet which 
appeared in AD 1100, which in turn may have been part of a great 
comet of BC 372. Half of these could not survive the perihelion 
passage and splashed onto the sun. The other members of the 


The pieces of Hyakutake which now have a relative velocity of 
about 0.8 km/s are being monitored closely. The two fragments 
have Separated. This could have given us the spectacle of two 
independent tails, as developed by comet Biela 150 years ago. It 


& Lyttleton. The Comets and their Origin. Cambridge University Press. 1953. 


When comets split, 
the pieces do not 
fly apart. 
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The Changing Forms of Comet Hyakutake (1996-B2) 


Pictures of comet given below courtesy T Chandrasekhar, N M Ashok and J Np 
esaj (PRL) 


27 March 1996 
3.15 a.m. 


A spectacular photograph of Comet Hyakutake taken during its close approach to the earth of 
approximately 15 million km. A telephoto (focal length = 105mm, f/2.8) camera mounted on the drive 


of the large 1.2m telescope was used. The exposure time was 30 minutes. During the exposure the 
cometary motion was frozen by tracking if using a guiding telescope. The motion of stars in the field 
relative to the comet show up as star trails (smaller linear structures). The exposure was made whenthe 
comet was at a distance of 0.10 AU from the earth and 1.03 AU from the sun (1 AU = 150 million km). The 


photograph covers a field of view 6 degrees x 4 degrees. The tail is seen to extend at least 5 degrees. 


5 April 1996 
8.15 p.m. 


hwith an exposure time of 14 minutes, 30 seconds. AC 
). The star seen near the cometary n 
distance of 0.37 AU from the earth and 0.81 


schmidt photograp 
of the field and beyond (>3 degrees 
magnitude ~ 3.8). The comet was at a 
field of view of the photograph is 2.8 degrees x 2.4 degrees. 
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pli photographs have been faken from Gurushikhar Obsenvatory, MLAB which Is @ Held station f Ph 
5 of Physical 


arch Laboratory (PRL), Ahmedabad. The observatory is at an altitude of 1680m aboy level 
@ e sea level, 


pese 
A a nS 
9 April 1996 
8.30 p.m. 
h of Another spectacular view of Comet Hyakutake showing the intricate structures in the tail of the comet 
‘rive The exposure time was 10 minutes, The bright star to the right is the farnous eclipsing binary star Algol 
2 the (visual magnitude ~ 2.1). The angular separation between the cometary nucleus and the star is about 
field adegree. The prominent ray structure and kinks along the tail are clearly seen. The tail extends at least 
nthe 2.5 degrees. At the time of this exposure, the cornet was ata distance of 0.49 AU from the earth and 
„The 0.71 AU from the sun. The field of view of the photograph is 3.4 degrees x 2.4 degrees. 


10 April 1996 
8.30 p.m. 


odo? ae eeann with an exposure time of 10 minutes. The bright star seen in the tail region is the 
isu the ire binary star A/go/(visual magnitude ~ 3). The angular separation between Al/go/ and 

ois is ary nucleus is 1.43 degrees. The fainter portions of the tail extend beyond the scale of the 
the ail (>2.5 degrees). At the time of this exposure, the comet was at a distance of 0.53 AU from 
TA and 0.69 AU from the sun. The field of view of the photograph is 3.4 degrees x 2.4 degrees. 
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Colin S Pittendrigh: An Appreciation > 


The Life of a Darwinian Clock-Watcher 


L Geetha ‘= 


A tribute to Colin S Pittendrigh, one ofthe thre 


; e 
of chronobiology, who passed away on 20 Ma Musketeer 


rch 1996, 


It was fairly recently that I discovered CBT on the inter 


(Centre for Biological Timing), net. CRT 


1S an Organisation that Provides 
among other things, information about research in the field 
0 


L Geetha chronobiology. And so it was with great expectation of variou 
$ 


studies circadian rhythms kinds of interesting details about biological rhythms that | 
in honeybees, mice and at 


subscribed to it. It is my misfortune that the first piece of 
information that I received through CBT was that of the demise 
of one of the doyens of chronobiology, Colin S Pittendrigh. 
Nature could have been a little kinder to me. While I passed this 
sad news on to others in the field, it occurred to me that perhaps 


humans. 


I should write a few words about him. 


An introduction to the field of chronobiology to any student 
entails an introduction to the three musketeers, E Buenning, 
C Pittendrigh and J Aschoff. The first seminar that many students 
give is on one of the fascinating papers of Pittendrigh. It was thus 


À . is research 
It required a lot of that I was introduced to him and the multitude of E x i 
courage to speak papers. Most of the intelligent experiments that va ill 

. e, i ) 
up and prove to the conceived in this field were his brain work. At this a and 

: m 

world that clocks in of us are aware of the existence of rhythmic ee. food 
fact exist accept the presence of internal clocks. But this "i osing ® 
and organisms few decades ago. Indeed, the attribution oft i clock 
‘bi i opening of leaves in plants to the presence ofan equited? 
exhibit rhythmic gat diculed. Iereqh i 

i which measured external time, was 0 Jocksis 
phenomena owing the world that¢ ade 
to the presence lot of courage to speak up and prove to we owing uA 

$ aiia i no | 
of internal exist and organisms exhibit rhythmic phe erea 


there W 


biological cl E presence of internal biological clocks. Well, 
iolo : 
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of them who had this courage and their undaunting efforts to 
express themselves strongly has brought forth a slow transition 
from non-belief to belief ! 


pittendrigh’s early research papers provided lucid explanations 
ofthe fundamental concepts of chronobiology suchas entrainment 
and free-run. He, along with Aschoff introduced the ‘oscillator 
language’ to explain the mechanisms of entrainment and made 
innumerable predictions of how these overt behaviours by 
organisms could be the end product of the functioning of the 
internal oscillator. Pittendrigh also predicted that the clock 
should be sensitive to light and that this sensitivity should be 
different at different times of the day. To prove this, heconstructed 
what is called the phase response curve (PRC) which describes the 
sensitivity of animals to light pulses at various phases. Pittendrigh 
describes the PRC poetically as the “footprint, as it were, of the 
pacemaker’s (or oscillator or clock) time course”! He also 

demonstrated by an elegant set of experiments that the shifts in 
the phases caused by light pulses should be instantaneous. These 
experiments resulted in a series of four landmark papers along 

with S Daan in the Journal of Comparative Physiology (1976). The 

seeds of most modern experimentation are contained in these 
papers. 


Pittendrigh had an open mind for new facts and was willing to 
change his views given sufficient experimental evidence. Thus, 
in his early experiments he talked about “the oscillator” inside 
biological systems and how “it” brings forth rhythmic expressions. 
Later, his Own experiments on squirrels proved that there may be 
More than one oscillator which controls the activity rhythm of 
these animals. Thus he attempted to explain the occurrence of 
tansients in the Drosophila system by a master oscillator and a 
Slave oscillator. Now it is believed that multicellular organisms 
Possess multiple oscillators, each controlling particular activities 
and stil] managing to remain in synchrony with each other. And 
according to Pittendrigh “it is a plausible and adequate 


Colin Stephenson Pitt- 
endrigh (1918 - 1996) 


Pittendrigh had an 
open mind for new 
facts and was 
willing to change 
his views given 
sufficient 
experimental 
evidence 
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The greatness of a 
scientist lies not 
only in performing 
good experiments 
but also in 
reporting them to 
the world, in a 
convincing manner. 
Pittendrigh did this 
most effectively — 
each of his papers 
is a classic in itself. 
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limits set by laws of nature. The details of individual and spec 
frills, without power to shape the large-scale course of events, 


alter entire futures, profoundly and forev 


Stephen J Gould's view ... Contingency is rich and fascinating: 


exquisite tension between the power of individuals to mo 
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interpretation for multicellular organisms” 


The fruit fly Drosophila has now turned out to 
for most of the genetic and molecular work on 
elevated Drosophila to a similar status in 
demonstrated for the first time that bj 
temperature compensated i.e. clocks operate 
of the external temperature. Later, 
compensation also in the unicellula 
Neurospora, and introduced it to the 


bea Model ş 
clocks, Pittendy h ; 
Chronobiology : 
ological Clocks i 
} normally ittespectiy 
€ proved such temperature 
r Euglena. He Extended itt 


world “as a System in which 
the genetics of the clock could be pursued” Today, both 
$ » 00 


Neurospora and Drosophila have indeed become Powerful tools jn 
the study of genetics of clocks. At this point of time, it has been 
established that the genes per in Drosophila and fra in 


Ystem 


Neurospora are responsible for the clock activities! They have 
been cloned, sequenced and exceptionally good progress has been 
made in deciphering the nature of their operation. 


The greatness of a scientist lies not only in performing good 
experiments but also in reporting them to the world, ina 
convincing manner. Pittendrigh did this most effectively- each 
of his papers is a classic in itself. His research papers are written 
in such a simple, lucid and logical manner that even a beginner 
can feel proud that he understands them. I consider his 
“Reflections ofa Darwinian Clock-Watcher” as his alee 
a brilliant, anecdotal article, written at the age of seventy oe 3 
is a tragedy that he is no longer among us physically and a 
indeed a great loss for the field of chronobiology! pi Wie he 
of Colin Pittendrigh will live for ever and be rekindled bY 


yer. 
; e world 0 
writings of many generations of new students th 


dify history andthe! 


n 
but particulars that co 
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Energy o and Retrieval 


The Secondary Battery Route 


= a 


A K Shukla and P Vishnu Kamath 


Harnessing sunlight for the production of electrical energy 
is an engrossing prospect. The crucial concept underlying 
the success of solar power stations is energy storage and its 
retrieval on demand which can be most effectively achieved 
with storage batteries. This article highlights the chemistry 
of existing and emerging battery technologies. 


Technological development in this century has been characterized 
not only by the increasing consumption of energy but also by the 
emergence of hydrocarbons as the primary source. The process of 
development is threatened by the limited reserves of coal and oil. 
In addition, the deleterious effects of excessive consumption of 
hydrocarbons on the economy and ecology of a large part of the 
world is too well known to be recounted here. These have brought 
into sharp focus the need for developing new environmentally 
benign non-conventional or what we would prefer to call alter- 
native energy sources. 


Wind, solar and tidal energies are available in almost all parts of 
the globe and the efficacious harvesting of these energy sources 
Willalso alleviate the problems associated with energy transmission 
and distribution. However these energy sources are intermittent 
and exhibit annual, seasonal as well as diurnal variations. They 
àre available at certain times of the day or year and not available 
ât other times. The key to the successful utilisation of these 


he Sources lies in the development of suitable energy storage 
€Vices, 


A 

mong the many energy storage devices presently in vogue, 
“eries are the most common. Batteries are electrochemical 
€ 

Vices which convert chemical energy into electrical energy. 


(aaas 
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The key fo the 
successful 
utilisation of these 
energy sources lies 
in the development 
of suitable energy 
storage devices. 
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Figure? The discharge (a) 


ond charge (b) processes in 
a battery. 
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That is, they use chemical reactions to produce electricity. Such 
electrochemical devices are called galvanic cells in contrast tp 
electrolytic cells which consume electrical energy to bring about 
a chemical reaction. 


A battery consists of two electrodes, an anode and a cathode, and 
an electrolyte through which electrically charged particles can 
move ( Figure 1 ). Two chemical reactions take place at the same 
time. The reaction taking place at the anode is an oxidation 
reaction of the type R — O + ne, where R is the reduced species 
and O, the oxidised species. Such a reaction leads to an excess of 
electrons, ne, at the anode. It is also called the negative (e) 
electrode. The chemical reaction taking place at the cathode is 
reduction reaction of the type O' + ne> R', which pe 
depletion of electrons. Therefore the cathode is al ae 
positive (+ve) electrode. Forexampleina nickel-cadmiump? it 
Cd is oxidised to Cd?* at the anode and Ni 


1 
3+ jg reduced 10 
? nted as 
at the cathode and the reactions can be represe 


Cd — Cd2++2e at anode (-ve electos 
Ni++e—> Ni2+ at cathode (+ve electrode: 


: it 
ternal circu! © gb 


: X 
When the battery is connected to an € nthe circuit?! 


excess electrons from the anode flow throug 
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ky a ee . K ean Se 
W ra Table 1. Desirable features in a battery 
| gattery performance Definition Desired target 
| x parameter ee Se 
Energy density Energy (stored) per kilogram of battery HIGH 
weight (Wh kg”) or per litre of battery 
| | volume (Wh 1) 
| | | power density Ratio of power available from a battery HIGH 
|] to its weight (W kg") or volume {W I~} 
| self discharge Loss of charge due to parasitic reactions LOW 
a | between periods of use 
Such Internal resistance Sum of electrical (ionic and electronic) LOW 
rast to resistances of the battery components 
about Cycle life Number of charge-discharge cycles HIGH 
over which the energy density can be 
sustained under specific conditions 
le, and {applicable to a secondary battery) 
es can 
> same Efficiency Ratio of the charge output fo the HIGH 
dation charge input during a charge-discharge 
pecies cycle for a secondary battery 
cess of 
(re) oe 
deist | '0 the cathode. As the electrons move through the circuit rey The battery most 
ane lose energy. This energy may be used to create heat or light as in commonly known 
sd ie an electrical heater or light bulb, or to do work as in a motor. The to us is the a cell, 
atterys flow of electrons results in a current and by convention the mires we use in our 
Nt direction of flow of current is taken as opposite to the direction transistor sets or 
of flow of electrons. The energy released per unit charge while the torches. These are 
current flows through the circuit is called voltage. The product purchased in their 
of the current and the voltage is the power delivered to the charged state and 
circuit. When a battery delivers electric current to an external discharged through 
load, Certain active materials in the battery are chemically use and then 
g), verted into other materials at lower energy states and the discarded. 


dhik Pattery is eventually fully discharged. 


DA 
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Table 2. Target characteristics for a high perform 


— 


ance battery 


Performance parameter 


Long life type High energy density iy 
pe 


Weight energy density (Wh kg) 120 


180 
Wolume energy density (Wh I7) 240 360 
Cycle life 3500 500 
Efficiency (%) >90 >85 


Others: Environmental stability, safety, easy maintenance, 
high range of operational temperature (-20 to 50°C), 
compaciness, ruggedness and low cost. 


A high performance 
battery should have a 
maximum energy 
density at an optimum 
power density (rate of 
discharge), minimum 
internal resistance, 
maximum charge 
retention, mechanical 
strength and a long 
cycle life. 
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Primary and Secondary Batteries 


The battery most commonly known to us is the dry cell, which we 
use in our transistor sets or torches. These are purchased in their 
charged state and discharged through use and then discarded, 
Such cells are known as primary cells. They are of limited useas 
they deliver much less energy than what is required to construct 
them. Besides, the growing need for recycling resources requires 
that the discharged battery should be reusable a large number of 
times. In other words, we look for a secondary (rechargeable) ot 
storage battery with a long cycle life. A secondary cell after 
discharge can be recharged by passing electric current throughit 
in the reverse direction (Figure 1 ). During recharge it ve 
like an electrolytic celland converts electrical energy into chemi 
energy and the active electrode material is retrieved. 


: ergy 
A high performance battery should have a ane 
density atan optimum power density (rate of discharge} Sa 

internal resistance, maximum charge retention, ate fot 
strength and a long cycle life( see Table 1). The targ ante 


igh perf 
all these parameters which would help define a n 


battery are given in Table 2. 


A 


b> 
= 


=f 


ich we 
1 their 
arded. 
use as 
struct 
quires 
ber of 
le) or 

after 
ughit 
haves 
mical 


nergy 
imum 
picil 
es fot 
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flow Do We Construct a Battery? 


4 battery basically consists of two electrodes, at each of which a 
chemical reaction takes place. Every chemical reaction isassociated 
with a certain free energy change, AG? (under standard condi- 
tions), which can be characterised by a potential E°, such that 
4G°=-nFE? (where n is the number of electrons involved in the 
reaction and F, the Faraday constant). This potential is called the 
single electrode potential. In a battery, the single electrode 


potentials of the two electrodes differ from one another so that 


| electrons are released at the anode ata high energy. The electrons 


pass through a load and lose energy and are consumed at the 


| cathode at a lower energy. 


From the 100 odd elements known to us in the periodic table, 
nearly 5000 (i.e., 100°99/2. The number is larger if variable 
oxidation states of some elements are taken into account.) pairwise 
combinations of single electrode reactions involving stable 
reactants and products can be theoretically envisaged. This leads 
toa similar number of different possible electrochemical energy 
storage systems. However in practice, more than a century of 
effort in the development of batteries has resulted in only a few 
systems of practical importance. 


The small number of successful systems compared to the large 
humber possible in theory suggests thata workable electrochemical 
ergy storage system is critically dependent on several factors. 
Twoobvious factors are costand availability of required materials. 
In addition, a few factors related to the chemistry of the electrode 
Materials play an important role. 


(Chemistry of Reversible Electrodes 


i 
The eee 
‘i electrode materials in a rechargeable or secondary battery 
| St ’ . 6 3 
ie ‘Undergo a reversible chemical reaction. A typical electrode 
| Teac i i 

ton can be schematically written as 


z+ — 
— 


M@+4)+ +Ae (1) 


The small number of 
successful systems 
compared to the large 
number possible in 
theory suggests that a 
workable 
electrochemical 
energy storage system 
is critically dependent 
on several factors. Two 
obvious factors are 
cost and availability of 
required materials. 
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Table 3. Electrode reactions in 
different batteries. E° values 
have been given where they are 
known. Arrows pointing to the 
right (>) correspond to the 
discharge reactions and arrows 
pointing to the left (©) 
correspond to the charging 
reactions. Advantages and 
disadvantages of the batteries 
are also given. 


We must develop 
new batteries with 
enhanced 
performance 
characteristics for 
communication, 
space, automotive, 
and traction 
purposes. 


Fi) a 
pe. 


e Lead acid battery 


PbO,+4H*+S0,?-+2e —— PbSO,+2H,O E°=1.69 y (cath 
Pb+ SO,2> —= PbSO,+2e £=-0.36 V (anode) pa 
Pb+ PbO, +2 H; 50,—= 2 PbSO,+2H,0 Eee =2.05 y (net) 


Low energy density, high Pb toxicity, corrosive but rugged 


e Nickel-iron battery 

2NIOOH+2H,0+2e —= 2Ni{OH) ,+20H- £°=0.49 V (cathy T 
Fe+20H- — 2Fe(OH),+2e E°=-0.88 V (anode) 
2NiOOH+Fe+2H,0 — 2Ni(OH) 2tFelOH), ee (nel) 


Poor performance of Fe electrode, not maintenance-free 


e Nickel-cadmium battery 


2NiOOH+2H,0+2e — 2Ni(OH) ,+20OH- E?=0.49 V (cathode) 
Cd+20H- — Cd{OH),+2e E°=-0.76 V (anode) 
2NiIOOH+Cd+2H,O — 2Ni[OH),+CdIOH), E,_, =1.25 V (nell 
High Cd toxicity but maintenance-free 


ə Nickel-zinc batfery 
2NIOOH+2H,0+2e — 2Ni(OH) ,+20H- £°=0.49 V (cathode) 
Zn+20H- — ZnO+ H,O+2e E°=-1.24 V (anode) 


2NIOOH+H,O+Zn — 2NI(OH) ,+ZnO Ee =1:73 V (net) 
Low cycle life but cost effective 


= 


Here M is a metal ion and z+ and (z+A)+ are its two gar 
states. For a material to qualify as a reversible aa 
secondary batteries it should satisfy the following condition 
af 
e As seen from reaction (I), the metal ion must be cn 
adopting at least two oxidation states. This cr 

by many d-block elements. 


iterion is 
that can 


metal ion in its multiple oxidatio 


: ideally 
matrix is found to serve this purpose id 


y 


sulphides are as good. 
o Thereaction (I) must havea high degree 
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B F; Nickel-metal hydride battery 
NIOOH+H,O+e — Ni(OH),+OH- E°=0.49 V (cathodej | 
MH+O0H- — M+ H,O+e £°=-0.83 V {anode} | 
NiOOH+MH — NI(OH) +M E,,, =1.32 V (net] | 
High cycle life, high energy density, non-toxic, maintenance tree | 
ə Rechargeable alkaline manganese dioxide battery | 
2MinO,+H,0+2e — Mn,O ,+20H- E°=0.26 V (cathode) | 
Zn+20H- — ZnO+ H,O+2e E°=-1.24 V (anode) | 
Zn+2MnO, — ZnO+ Mn,O, E-.,=1.5 V (net) | 
Shallow discharge but cost effective 
| 
o Lithium ion rechargeable battery | The manner in which 
LiCoO, — Li, „C00, +xLi*+xe E°=0.6 V (cathode) we are using 
l „C+ xLi*+xe — LIC £%=-3.0 V (anode) secondary batteries 
li, „C+ LICOO, — LiC+ Li, „CoO, E,,,=3.6 V (net) today has not really 
High energy density, high cycle life, maintenance free but solved the energy 
uneconomical problem. The real 
breakthrough will 
e Zebra battery come when advances 
2Na*+NiCl,+2e — 2NaCl+Ni E°=-0.13 V (cathode) in photovoltaics will 
2Na — 2Na*+2e £°=-2.71 V (anode) enable us to recharge 
2Na+NiCl, — 2NaCl+Ni E,., =2.58 V (net) our secondary 
High temperature operation, still in development stages batteries by 
using solar energy. 
idation is possible when neither the oxidised nor the reduced form is 
deft | specially stable compared to the other. This is a difficult 
tions: criterion to satisfy and only a few metals such as Pb, Mn, Ni 


é and Co appear to pass this test. 
able” |* Both the reduced and oxidised forms of the material must 


asf! | havea fair degree of electrical conductivity or else the material 
Will be rendered electrochemically inactive. 

ost w ' Reaction (I) should have no competing reactions that produce 

ros | electr ochemically inactive side products which can reduce the 

t activity of the electrode. 

wit Several batteries have been in use commercially for a number of 


| 
A, 
Rtg, 
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Battery technologists 
must be ready with 
high performance, 
cost effective, 
environment friendly 


and socially 
acceptable batteries. 


years. However, over the last two decades BE 
requirements have arisen which need to beai Sr plication T 
old systems have declined in importance white 
expanded and new concepts have been a 0 
commerically viable systems are: Lead-aciq ba 


a 4 A s Tl A 
iron, nickel-cadmium, nickel-zinc, nickel-m les, nicke, 
-met 


I Some 


Ve 
Oped, The 


rechargeable alkaline manganese dioxide-zinc ee hydride, | 
rie 


ion rechargeable batteries and zebra batt w 
, : ries, 
electrochemistry of these batteries is summarised inf. i 3 
abie 3, 


Future Prospects 


Various battery technologies have been with us for many yea 
; IS, 
I echnology dissemination and acceptance is no more a problem: 
n ) 


in fact many new applications are crying out for the rapid ; 


development of new batteries with enhanced performance 
characteristics especially for communication, space, automotive, 
and traction purposes. Over the years many types of batteries 
have become commercially available. But the manner in which 
we are using secondary batteries today has not really solved the 
energy problem, as we recharge them using electrical energy 
obtained from fossil fuels. The real breakthrough will come when 
advances in photovoltaics will enable us to recharge our secondar 
batteries by using solar energy. By then battery technologist 
must be ready with high performance, © 
environment friendly and socially acceptable batteries: 
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What's New in Computers 


Video-on-Demand 


a a 


M B Karthikeyan 


This article presents an introduction to multimedia and 
describes one ofits popular applications, video-on-demand. 


What is Multimedia? 


Traditionally, information services have been available to us in 
different ways. Educational material such as books, journals and 
newspapers are publishcd and delivered mainly in printed form. 
Entertainment through television and radio broadcasts is 
produced and delivered primarily in analog form. Both these 
domains have undergone radical changes in recent years due to 
advances in computing and communication technologies. 
Innovations in digital signal processing, mass storage, and optical 
communication networks have enabled the integration of diverse 
types of media such as text, audio, video and graphics to be 
utilized in digital form. This integration is commonly referred to 
as multimedia. A system with the capability to capture, digitize, 
compress, store, retrieve, decompress and present multimedia 


information is called a multimedia system. Figure 1 illustrates the 


main functional blocks ofa simple multimedia system. Examples 
ofmultimedia systems include distance learning, home shopping, 
video-on-demand, video conferencing and information kiosks. 


Characteristics of Multimedia 


Medi ; ; : . 
ledia such as audio and video are called continuous media, 
e : SELT : 

“use they consist of a sequence of media units (audio samples 
ryj ; 

$ “ideo frames) that make sense only when presented in the same 


i ; i 
E Sequence in which they were recorded. The design of 
n . . 

Mformation Services to 


` support continuous media differs 
ini 
®hificantly from services that allow only textual or numerical 


MB Karthikeyan is 
working towards an 
M.Sc.(Engg.) at the 
Supercomputer Education 
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Indian Institute of 
Science, Bangalore. His 
interests are multimedia 


storage systems, operating 
systems and networking. 


A system with the 
capability to capture, 
digitize, compress, 
store, retrieve, 
decompress and 
present multimedia 
information is called a 
multimedia system. 
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Figure 1 Capabilities of a 
multimedia system. 


In spite of the 
stringent real time 
constraints and 
large storage and 
communication 
bandwidth 
requirements, 
multimedia 
applications are 
gaining popularity 
day by day. 
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Interleaved stream of audi 
lo 


Digital C 
g amera Video Audio Vid pr | 

Sse Be 
f | 
j 
Micro Audio |i 
phone Digitizer | 
E 
] 
RR ‘ 

Pecompressor irs Synchronizer | 
| | 

| 


Speaker 


| ee | 


data, due to three fundamental characteristics of continuous 


media: 1 
t 
o Storage and retrieval of continuous media are real-time | f 
operations. Media capture devices (digital cameras and audio 
digitizers) generate a continuous stream of media units that must | ° 
be stored in real time. During retrieval, the units ofa continuous 
media stream are presented in the same time sequence in which ° 
they were captured. Any deviations from the timing sequent’ š 
might result in perceptible glitches in audio and video 
presentations. l 
e Related media streams have to be temporally a 
Several applications require the synchronization W ’ 
than one type of medium at the time of piesa an a 


9 ea $ 
n requires th awn asl se 


example, a movie presentatio ? 
This is also v 


video streams to be synchronized. 


synchronization. | 
V te 


rates and ae 


data transfer 


e Continuous media have very high 


| 


inuous 


-time 
audio 
it must 
inuous 
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quence 
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f mort 
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gorage space requirements. Uncompressed digital audio and video 
rave very high transfer rates and require large storage space. For 
example, the data rate for CD-ROM quality audio js 1.4 mega bits 
er second (Mbps; mega = 10°). Several compression schemes 

pave been developed to reduce the data size for the purposes of 

storage and transmission. MPEG (Motion Picture Experts Group) 
is an example of an international standard for digital video and 


+ audio compression. 


| In spite of the stringent real time constraints and large storage 
| and communication bandwidth requirements, multimedia ap- 


aining popularity day by day. To understand why, 


| plications are ¢ 
| let us take a closer look at one popular multimedia application, 


namely video-on-demand or interactive television, that is likely to 
influence our daily lives in the near future. 


What is Video-On-Demand? 


The conventional mode of operation of television and cable 
television is the broadcast mode. In this mode, viewers have little 
flexibility in 


* Selecting programs (limited by the number of channels 
available), 

* Scheduling the viewing time of programs, and 

* Controlling the programs they view (viewers cannot skip parts 
of a program they find boring). 


In Contrast, an on-demand service provides its subscribers the 


| Ultimate flexibility in selecting programs when they wish, besides 
| Mteractive control functions such as pause, resume, fast-forward, 
| nd rewind. The video rental service is in some sense an on- 
demang service. The electronic equivalent of the video rental 
| “vice, that provides its subscribers on-demand access to a large 
| lection ofvideosstored in high capacity serversovera broadband 
| Stwork is called a video-on-demand (VOD) system. Today’s 


lee Lk p 
| hnology permits operators of telecommunication networks 


| 
| Rts n 
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Video Compression 


The basic principle in 
and 
compression is the 
elimination of redundant 
inforrnation. For exam- 
ple, 
portions of a 


in video, large 
scene 
remain unchanged from 
frame to frame. Video 
compression schemes 
exploit this fact by storing 
the differences (i.e, 
changes in positions of 
objects in a scene) 
between similar frames 
instead of the frames 
themselves. The more 
similar fhe frames the 
more compact the result. 
The maximum camp- 
ression possible by 
MPEG-1 is about 200-1, 
but 50:1 is more typical. 
Newer compression 
methods have produced 
nearly 500:1 comp- 


ression of video. 
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Figure 2 Components of a 
VOD system. 


The electronic 
equivalent of the video 
rental service, that 
provides its 
subscribers on- 
demand access to a 
large collection of 
videos stored in high 
capacity servers over a 
broadband network is 
called a video-on- 
demand system. 


Contr | 
Cr 


Data Channel 


x 
; 
z 
5 
5 
2 
x 


Access Network 


Home Subscriber 


(traditional telephone and cable TV operators) to providea VOD 
service at a price competitive with the video rental servic, 
without the need for the customer to travel. 


Elements of a VOD System 

; ‘ ‘ „stem. The 
Figure 2 illustrates the major elements of a VOD system 
three main components are: a video storage server, 
subsystem and customer premises equipment. 


Video server: The video server consists of the storage any A 
required to store a large number of videos in cor a sit 
and play back on request. It differs from traditional file 

that it has to perform a number of functions such as 

J mil 

e supporting continuous media storage and retrieval ests 
data is read or written by the server as 4 continu 
media blocks. 

o admission control — the server ch 
bandwidth to accommodate a new user S€ 
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à pu 


real-time request handling — the server must ensure that each 


| ead or write request is completed within a time limit (request 


deadline). 
RF guaranteed stream transmission — to maintain a continuous 
4 
| display at the user’s end, the server must transmit data at a steady 


ate. 
; stream encryption — data streams transmitted over the network 
| are scrambled or encrypted to prevent unauthorized access to the 
| VOD service. 
||, access control functions — permits viewers to skip or replay 
| portions of programs they watch. 


| A video server’s functions are highly demanding in terms of f are | 
| | Space requirement 

|| storage space and transfer rate. For example, a two hour, MPEG- | 

| 7 

| 2compressed movie (at an average transfer rate of 3 mega bits per | ^Ssuming a data rate of 
second (Mbps)) requires 2.7 giga bytes (GB) (giga = 10°) of | 2 mega bits per second 
— | storage. To store 500 such movies a video server would need 1.35 for TV quality video, the 
yop | teta bytes (TB) (tera = 10!*) of storage. Because of these huge | SP9ce required to store a 


storage requirements, a video server is usually constructed as a one hour programmers 
3 *10*+60«60 =1.08« 101 


bits; which is a lot of in- 


service, 
hierarchy of storage media that includes semiconductor memory, 


secondary storage devices such as hard disks and tertiary storage 


devices such as optical jukeboxes. Of these the hard disks and Vestmentiiinianine aot 
storage space. 


optical jukeboxes form the bulk of the storage system. The easy 
m. The availability of high performance hard disks permits the 


ewok | OMStruction of large video servers based on an array of disks. 


Inthe normal mode of operation, admission control is done at the 
cont! | St of each customer session to determine if a new request can 
j formit be serviced by the available resources in the system. If the new 
venil | Mer is admitted, media blocks of the requested video are 

etrieved from the storage system, temporarily buffered in memory 
and transmitted to the customer over the network. To guarantee 
ied interrupted playback the server must allocate storage 
yam andwidth, buffer space and processing bandwidth. 


d | Ne f 
ace | Work subsystem: The network subsystem provides the 
In 3 $ 5 
| terconnection of the various network elements in a VOD 
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Adding interactivity to 
conventional 
broadcast television 
provides otherwise 
passive viewers the 
flexibility to choose 
programmes that 
match their interests 
and view them at 
times they wish. 
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system. Broadband networks enable video se 
J rv 
cate with the set- i 
et-top box (SB) in the subscribers h Unj. 
networks are asymmetrical in nature, with hi Ric These 
: i 
capacity from the video server to the set-top box ( 7 advi 
; e 
or data channel) and lower bandwidth for signalling f OWNstrean if 
TOM the, i 
to 


top box to the video server (the upstream or control ch 
c annel) 


S (for one MPEG. | 
ssion. 


ETS to Co 


Typically the bandwidth downstream is 1.5 Mbp 
l stream) and upstream is 1.5 Kbps per user se 


Distribution networks carry video streams from the Video se i 
to distribution points or head-end equipment by using a 
speed transmission scheme such as asynchronous transfer h, 
(ATM) or synchronous optical network (SONET) which can 
provideoutputrates reaching 2.5 GBps. Access networks transport 


video from the head-end to set-top boxes by one of seven! | p 
alternative architectures: asymmetric digital subscribers loop 
(ADSL), hybrid fiber coax (HFC), or fiber in the loop (FITL). | 4 
HEC is currently the popular architecture for the access network. 


The network’s greater downstream bandwidth carriescompressed | ce 
audio and video streams, while the lower upstream channel | g 
carries the control signals from users to the video server. In |, 
addition, there are bi-directional control channels between the | Ii 
video server and the distribution and access networks to establish 


; : The 
user sessions and reserve bandwidth for the downstream ' 


e delivery of video streams at å | gi 
and the |se 


network ensures the real-tim 


constant rate (isochronous mode of operation); 


p ‘ j ea 
synchronization of related audio and video stt 


t} 

Y 
destination. t 

jses 

f er prem | 
Customer Premises Equipment: The ae ont | 
equipment consists of a set-top box (STB), a te ate fs 
and a remote control. The STB is t 
subscriber’s display devices, peripherals, 
as a hand held infrared remote controller) 


channel in the access network. The chann 


he bridge per suci 
and input eves jon 
scat 
da communi 
an A ST. B (0 


el connec 
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s Eem 7 aaa 
Muni ideo OF other information providers. The STB receives the 
These pcoming signal, demodulates it to recover the compressed digital 
Width yideo stream, decodes the stream and finally converts it to analog 
team /, orm and presents it to a TV monitor. The STB also has hardware 
ese Docks for remote control management, creation of necessary user 
nnel), interaction menus on the monitor and the sending of control 
PEG. | | information to the video server. Security and encryption are two 
other functions of an STB that prevent unauthorized access to 
services and ensure that subscribers are fairly charged. Future 
erves © STB’s might include a personality module that stores the 
a high | subscriber’s viewing profile, searches for and locates information 
mode | that matches the subscriber’s interests and schedules 


D Digitized by Arya RET Re Hee and eGangotri — 


Í 
i 


h can | presentations at the subscriber’s preferred viewing times. 


Nsport Current technology 
evel Basic Operation of a VOD Session trends indicate that 
3 loop by the turn of this 
TTL). | Atypical VOD session consists of the following steps: century, what we 
twork, see today as 

+ Connection establishment. Initially, the set-top box is computer, 
ressed_ | connected to a service gateway in the access network. From the television and 
annel gateway the user receives a list of accessible service operators. telephone will all 
erla fe Service selection. The user selects a service operator from the be wrapped into a 
enthe |list and the STB signals the selection to the gateway, which in single unit called a 
tablish | turn selects the corresponding video server. teleputer. 
a The fe Path set-up. Using the routing information in the service 


sata gateway, a path (downstream channel) is set up between the video 


d the | server and the STB. 


e : 4 ; 
at the |» Program selection. Once a video server is connected to the 


STB, a list of programmes offered by the server is downloaded to 
| the STB. The browsing is done locally at the STB and requires 
we |M interactivity with the server. The user browses through the list 
jonit 


a 

; nd communicates his/her request to the video server via 
en tt ‘gnalling. 

s (suet 
jcatlO” 


cB {0 


‘ Pints 

i User admission. The video server on receiving the request 
| “termines if the new user can be serviced with the available 
te : . : 
Sources, If sufficient bandwidth and storage capacity are avail- 


12 is 
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VOD triol sites 


One of Europe's largest 
trial systems began 
operation this January at 
Stuttgart, Germany and 
hopes jo reach 4000 


household and business 
subscribers. In the US, 
trial systems have been 
in operation for nearly a 
year now in Orlando, 
Omaha, Redmond, 
Fairfax County and San 
Jose. In England, VOD 


trials are underway in 


Colchester and 


Cambridge. 
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able, the server starts transmitting the r 
through appropriate actions in the networ 
request is queued up or cancelled. 


o Interactiveprogramviewing. TheSTB receiy 


$ 
i 
Í 
} 
esthe ! 

from the network, decodes it and presents it t Program, 4 

Ot € yj 

lewer, | 

| 


equ 

ecu Programy 
; therwise, they H 
êt l 


Depending on the degree of interactivity supp 


5 orted / 
server and STB, the viewer can do some or all by the Video 


control func | 
such as pause, resume, fast-forward and rewind UNctions 


o Session close. The end of session is signalled by the STR , ij 
ni 


the video server, and resources allocated i 
n the servera | 
Nd netyo 
Tk | 


are released. 
Conclusion 


Digitization of diverse types of media such as text, audio, video 

and graphics has led to the development of a wide range of highly le 
interactive multimedia services. The high level of interactivityis 

the key to the success of these services, in spite of the fact that Or 
multimedia data have unusually large storage space and ily 
communication bandwidth requirements. Adding interactivity 
to conventional broadcast television provides otherwise passive 
viewers the flexibility to choose programmes that match their 
interests and view them at times they wish. Present day computing 
and communication facilities allow interactive television servic 
to be offered on a large scale and there are already several a a 
systems in operation in the US and Europe. Current technolog) 


i today {2 
trends indicate that by the turn of this century, what we F A l 
hone will all be wrapped 10 


as computer, television and telep 
single unit called a teleputer. 
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tng Classroom 


Ne se i eure nT tenet 


vt LSTA a 


af 
i 
j 
j 
j 
| 
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h this section of Resonance, we invite readers to pose questions likely to be raised 
ina classroom situation. We may suggest strategies for dealing with them, or invite 
sponses, or both. “Classroom” is equally a forum for raising broader issues and 
sharing personal experiences and viewpoints on matters related to teaching and 


\parning science. 


ae lenergy transfer in an elastic collision 
ivityiş 
ict that 
ce and 


Qne may intuitively feel that in an elastic collision, energy is 
always transferred from an object of higher to one of lower energy. 


activity Interestingly, the physics and mathematics of collisions do not 
passive impose such a constraint. Itis only necessary and sufficient that 
h their |i such a process the total energy and momentum be conserved. 
puting We give here two examples of such processes to highlight this 
ervices |"ewpoint. 

al trial 
nology Inan elastic collision there need not be any energy transfer at 
today |l. As an example of this we mention the forward Compton 
jino: |cattering. Here an X-ray photon undergoes ‘head on’ collision 
With a static electron and emerges in the same direction 


x |“thout losing any energy to the electron. 


| 

sedit [nterestingly, in such a collision, energy can even be transferred 
‘om a body of lower to one of higher energy. Consider for Is energy always 
Guide [ample two mass points A and B with masses 0.5 gm and 1 gm transferred from an 
al | pec Initial velocities 1cm/sec and 0.9 cm/sec respectively. Sooner object of higher 

I | “later A will overtake B and in the process collide with it. By the energy io oe of 
| | "WS of conservation of energy and momentum after the lower energy in an 

— /“llision, A acquires a velocity of (13/15) ~ 0.8667 cm/sec and elastic collision? 


1 
| 
ty Soe ee” 
ne ESO 
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Discussion of question 


raised in the Classroom 


section of Resonance 
Vol.1, No.3. 


From Ritesh Kumar Singh, 
Ranchi; Mohan Devadass, 
Bangalore and Akshay Pundle 
(class XII), New Delhi. 


From Ritesh Kumar Singh, 
Ranchi 
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B a velocity of (29/30) = 0.9667 cms/sec, 
down and B has speeded up. In this proc 
of B which was initially higher than t 
increased after collision! 


Clearly Aha 
ess thekineti 
hat of A ha 


$ Sloneg | 


AN 


c Energy 
$ Actually 


As a remark we may mention that if we avera 
ensemble of collisions, then over all the more energetic | 
lose energy and the less energetic ones gain Pants | 


P T ete “nergy. This ist 
statistical origin of equipartition (see AmJ.Phys, 62: 487, Jun a | 
» ta June ) 


ge the Values ofan | 


? An observer points a torch at a mirror that is Moving aw 
(i 


at velocity v The frequency of the light is Vor The light reflecteg 
at normal incidence has a lower frequency v. A calculation | 


including special relativity, gives the result c 
n 

A ( c-yV 
v= Vo. VechV 3 


where cis the speed of light. Why is this different from the 
standard Doppler shift formula for a source moving ata 
velocity v? This reads 


c- 12 
3 A 
vazy (crr 


Can one speak of a velocity of the image and if so what is i 


This question can be answered in two ways : 


vity we att 
2/¢2)), Plugi” 
get the 


a) From the velocity addition theorem of relati 
velocity of the image to be equal to v' = ( 2v/ (1 +? 
this into the standard Doppler effect formula we 
required answer. 


he 
mirror the light (from 


b) For an observer on the moving yency ©? 


freq 
stationary observer) appears to have a seats asin 
v' = v [Cc =v) /(c +2)]'”. Suppose this observer ever Wi eos | 
at this frequency v'. Then the stationary ora o there 
as light of frequency v" = v' (e-v) c+) 
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ti 3 
== 4 


ng l Think It Over 
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€s ofan 
article 
is 18 the 
11%) | This section of Resonance is meant to raise thought-provoking, interesting, or just 
— | plain brain-teasing questions every month, and discuss answers a few months later. 
g away | Readers are welcome to send in suggestions for such questions, solutions to questions 
flectey | already posed, comments on the solutions discussed in the journal, etc. to Resonance 
ulation | Indian Academy of Sciences, Bangalore 560 080, with “Think It Over” written on the 
cover or card to help us sort the correspondence. Due to limitations of space, it may 


not be possible to use all the material received. However, the coordinators of this 
section (currently A Sitaram and R Nityananda) will try and select items which best 
illustrate various ideas and concepts, for inclusion in this section. 


om the 
g ata 


| Problem of the vacillating mathematician From K B Athreya, lowa State 
University 


Assume that the home and office of a mathematician are one Unit 
apart. He starts from home in the morning for his office. Exactly 
atisi | halfway through he realizes that he has forgotten to bring 
something from home and starts to walk back towards home. 
Exactly halfway through (half the distance from the midpoint to 
home) he thinks that what was forgotten is not so important and 
get tht | starts to walk in the opposite direction. Halfway through this trip 
luggins | he again changes his mind and moves in the opposite direction. 
get tHe This continues. At each stage the distance covered is half of the 
distance from the point where he turns around to the home or the 
Office depending on the direction of his present movement. 

ht Where do you think this person will end up eventually? In other Where will the 
ng He: Words, let x, denote the distance from his home to the point vacillating 


W à h ici 
here he is after his n th move. What are the limit points of mathematician end 
est | this Sequence? up eventually? 


i 
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Questions posed by P Vishnu 2 


Kamath Batteries 


1 Why does one fill a lead-acid battery wit 


h dist; | 
2 Which of the batteries in Table 3 of th distilled ates 


€ article on i 


i 
d : ent-fri i 
3 What is the oxidation state of Ni in NiooHy | 


How many different oxidation states can M 
Which ofthese are useful for the constructio 
5 Can you name the reactions that occur at 


66-67 of this issue is the most environm 


n exist in) 
nof a batten | 


} the battery 
electrodes when the battery is overcharged? 


What will happen if you try to charge a primary cell) 

From the answer to (6) above can you explain why on 
cells carry a warning of possible explosions if you try to 
charge them? 


Silver-zinc battery — a high 
power pack (courtesy ISRO) 


8 Why can you not use a lead electrode in analkaline battery 


and a Ni electrode in an acid battery? 


O 


Distinguish between a vented and a sealed battery; a 


flooded and a starved battery. 
10 Calculate the total lighting load in your house, estimate | 
your lighting energy requirement and calculate the ff 
weightofa lead acid battery to meet your requirements | 
(assume the energy density of a lead-acid battery tobe |) 
40 Wh kg"). 


SUMANTA BARUAH 


are 


How many times do | have to remind you that ae iis 


dill in the stage of hunting — yet to be fit for those scien 
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| Water? 
” Pages 
ly One? 


st in? 
Atter) 
tery 


cell? 
Certain 
1 try to 


battery 


ttery; a 


stimate |) 


ate thell alone excelled, by any other period or any other culture or 


emendi civilization. Sir Karl Popper, one of the leading philosophers of 


| science of the 20th century, called this “the tradition of critical 
y 


ry tobe 
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The Origins of Science 


Part Il: After Thales 


Gangan Prathap 


| In Part I of this essay, we had tried to locate a time, a place 
anda man in history from whom, one could argue, the great 
enterprise that we call science began. In this second and 
concluding part, we will examine the course of philosophy 
immediately after Thales’ great intellectual leap. 


Introduction 


Ifone has to look fora single agent who could be considered to be 
the founder of the philosophical and scientific tradition of the 
Western world, it would have to be Thales. So, we have a 
remarkable tradition of Greek philosophy, from Thales (580 BC) 
to Plato (430 BC), a tradition that has not been paralleled, let 


discussion”. In all or almost all other civilizations, the scholastic 


tradition has been to pass on knowledge as doctrine, as received 


wisdom based on authority or text, from one generation to the 
next. The legacy of the Greeks, beginning with Thales and 
Coming down through to Socrates, was that of persistent 
Questioning, before the secrets of nature are yielded to us. Socrates 


| ‘2d, “The unexamined life is not worth living.” 


From Thales to Anaximander 

IT ; ; za 

| ps this newly emerging tradition encouraged criticism, even 

lo i 
one’s masters. We find that the second of the great Ionian 


|| Philosophers, Anaximander, also of Miletus and both pupil and 


l . 5 « . 
; ansman of Thales, was ready with new ideas that were in direct 
nfl; : h r 4 

nflict with the wisdom he received from his master. Popper 


————— S 
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Jawaharlal Nehru Centre 
for Advanced Scientific 
Research. His interests 
are: aircraft structural 
design and analysis, 
computational mechanics, 
philosophy of science and 
literature. 


The legacy of the 
Greeks, beginning 
with Thales and 
coming down 
through to Socrates, 
was that of persistent 
questioning, before 
the secrets of nature 
are yielded to us. 
Socrates said, “The 
unexamined life is not 
worth living.” 
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Anaximander 
speculated on the 
origin of the human 
race. He departed 
boldly from Greek 
mythology, which had 
so far traced the 
descent of man from 
the Gods and the 
titans. He made the 
heretical suggestion 
that all life emerged 
out of water and that 
man was once a fish. 
His biological 
speculations can be 
thought of as an early 
precursor of the 
theory of evolution. 
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says that he likes to imagine that Thales was 
his pupils: “This is how I see things — ho 
are. Try to improve upon my teaching.” 
world, around the same time, Buddha wa 


the first te 
Ww I believe t 
On the Other side be 


‘ fth 
a : S to tell hiş gin, © 
same thing: “Don’t accept anything as truth È disciples t 


; x ; eve 
teacher, till you have verified it for yourself,” eee Your 


acher to tell 


Anaximander is ReMISiApeted for having made the first m 
too addressed the question, “What is the world made of” a He 
Thales, he argued that the ultimate physical reality ai nlike 
a physical substance itself. Thus, for water, he sik 
vani g something’, an eternal imperishable cin, 
properties but capable of containing ‘oppositions’ within itsl 
such as hot and cold, wet and dry. He conceived of an eternal | 
motion so that the familiar objects that appear to our senses ar 
formed out of the ‘oppositions’ of this undefined substance and 
then return to it when they decay. Another idea he formulated was 
that of a balance of forces in nature. Thales believed thatthe 
flat earth rested on water, an argument which leads to an infinite 


regress. Anaximander was able to use his concept of the earthas 
being in the centre of an eddy or vortex which was in eternal 
motion so that it could remain freely suspended in space through 
a delicate balance of forces. This was a remarkable advance inpre 
scientific thought. Anaximander also speculated on the origin ol | 
the human race. He departed boldly from Greek mythology, | 
which had so far traced the descent of man from the Godsand 4 
Titans. He made the heretical suggestion that all life emerged 0u 


of water and that man was once a fish. 


ideas ae? | | 


hich Th | 
me 


a > 
at Anaximander s 


We can immediately sense th a 
e elemen 
ar d from so” | s 


significant advance over Thales’. 
thought of as a first principle is shown to be pe js willing v 
indestructible primary matter. Here, Anaximan i ore © el? 
accept an abstract idea rather than settle for K ought 
substance like water. His biolo 

as an early precursor of the theory of evolut 


gical speculations 
jon. 
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© Of the philosophers who followed Thales and Anaximander showed 
Ples the y greater confidence and inclination to identify immortal principles 
M You | „nd to justify these using systematic reason. To Anaximenes, who 

came immediately after Anaximander, the immortal principle was 

gir. Notable among those who followed him are Parmenides and 
ap. He Zeno of the Eleatic school. A result of the severe logical 
Unlike examination of the physical theories that the Ionians produced 
d not be was the formulation of the atomic theory. To us, some of the 
Uted an conclusions that they arrived at were strange (for example, that 
with no motion is an illusion; that empty space cannot exist and that the 
in itself universe is a uniform distribution of matter!), but some of the 
eternal | intellectual processes they set in motion were to serve us yell 


nises are _ One was a careful examination of the laws of logic. The other was 


neeand | the acceptance of the atomic theory, whereby everything in the To Anaximenes, 
ated was | universe is constituted from an infinite number ofa single building who came 
ce block. Leucippus and Democritus are credited with this immediately after 
infinite development and they also removed the earlier error of a Anaximander, the 
eatth® | motionless universe by arguing that natural motion of the immortal principle 
pes constituent atoms is necessary to bring together and separate was air. 

10 


various forms of matter. There was therefore the possibility of 
Ei , i ; ; 

cyciic change, of birth and decay, and all this reconciled with the 

idea of indestructible atomic constituents. 


e in pre: 
yrigin of | 
thology, 
andthe į 
rged out 


Change as the Essence of the Universe 


The realization that reality was not something stable and change 
Was the essence of the universe was made by Heraclitus. To 
| Heraclitus, the immortal principle was fire. Heraclitus also 
‘Uggested that all life ‘evolved’; that everything grew in a constant 


Stat s . . 

sing | € of flux. The world exists as a conflict and tension of 
iit | Opposites. Thi 
conc th 
ought® JA 


sare | 
| Thales 
m som 


i S was to cause great consternation. When every 
an Was always changing, what could one say about anything? 
ae stion ned to be made between the world of sense which 

ys changing, seemingly imperfect and unknowable with 
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Albert Einstein's View 


"The development of 
Western science has 
been based ontwo great 
achievements, the 
invention of the formal 
logical system (in 
Euclidean geometry) by 
the Greek philosophers, 
and the discovery of the 
possibility of finding out 
causal relationships by 
systematic experiment 
lat the Renaissance). In 
my opinion one need not 
be astonished that the 
Chinese sages did not 
make these steps. The 
astonishing this is that 
these discoveries were 


made at all”. 


Scientific 


hypotheses should 
be provisional 
theories formed to 
explain facts which 
are observed or 
observable, 
through practice or 
by experiment. 
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a presumed world of underlying reality which w 

perfect and open to reason. This is the basis a “nchanginy 
wisdom which was to rule western thought for near] t 
years. Again, what springs to mind is this daa Ousand 
surface we have multiplicity and variety of anpe ~ on thee. 
transitory but underneath, we reason that there js Mie 
simplifying truth. nner ang 


atoniç 


It is thus seen that the Greeks exalted reason above ey 

: e 
else. What we sense can be illusory but what We rea 
converge to a picture of nature 


Tything 
SON can 
i ruled by law, pattern and 
symmetry. It was the inner meaning that was more important 


than the outer appearance or event, and the Greeks believed that 
a priori reasoning could show us what the inner reality was. This | 
was commendable but unscientific. Thus ‘logos’ or reason was 
often used and scientific exploration was excluded as something | 
dispensable. 


The Conflict Between Reason and Art 


The conflict between what was ‘logos’ or reason, and what- was 
‘techne’ or art and craft was beginning to emerge. Roughly 
translated, technology is the practice of art and craft submitted to | 
the scrutiny of reason. This does not make it science, ji For | * 
science, as we shall see again and again, requires experimental me 


proof. 


n of this conflict py relating | r 


i ood illustratio | 
Kitto presents a very g ve the first greal |a 


a controversy discussed by Hippocrates, who wro ee an 
1 | 
essay on medicine. Hippocrates was essentially prote | 


S| f 
sae ; : regard many fac | ' 
the tendency of the a priori philosopher to disreg acess |A 


~ edic He | 
which are obvious to one practising a craft, anp ie wins |} 
was then. These men tended to frame genera cite ued, 9” a 
unsupported generalizations. This, Hippocra shods apd | 3 


me 
3 where the pew 
the way to deal with an art or craft gay 10 ma) A 
nt the W — goi” y 


practices are well known and can pol 
discoveries. Scientific hypotheses shou 


S 


"Bing, 
atonig 
Usand 


ON the” 


~ff 


ich are 


er and 


ything 
MN Can 
n and 
Ortant 
od that 


S. This | 


Nn Was 


ething 


at. was 
yughly 
tted to 


at, For | 


nental 


ife 


a E 


formed to explain facts which are observed or observable, through 

ractice or by experiment. The natural philosopher rejects and 
denies all this practical knowledge. Hippocrates was the first to 
point out the futility of such an attitude. In fact, it is this attitude 


that continues to give philosophy a bad name. 


The Nature of Science 


With Hippocrates, we see the first understanding of what the 
distinguishing feature of science is. In fact, this is to be the most 
important lesson we will learn from all our explorations into the 
philosophy of science. Thus, to paraphrase a definition from 
Kitto, there is science only where there is the possibility of 
building up a body of truth by observation and experiment; or to 


quote from a more original source, the Precepts of Hippocrates, 


| “In medicine one must pay attention not to plausible theorizing 
(‘logismos’), but to experience and reason (‘logos’) together. I 
agree that theorizing is to be approved, provided that it is based 
on facts, and systematically makes its deductions from what is 
observed. But conclusions drawn by the unaided reason can 


hardly be serviceable; only those drawn from observed fact.” 


Thus, there were Greeks who were truly scientific in the modern 
sense. Just as there must have been other equally bold pioneers in 
other cultures and civilizations. However, tragically, another 
tradition was to take’firm root — philosophy began to supersede 
religion. Kitto discusses it extremely well. Greek philosophy’s 
| ambitious search for uniformity amidst the multiplicity of natural 

Phenomena led to pure guess work (conjectures) and neglect of 
| fct (refutation by experiment or observation in the attempt to 
ame comprehensive theories was totally dispensed with). 
latonic idealismand the Aristotelian drive forcomprehensiveness 
d dogmatism allowed generalizations to be made without 
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‘| pirical support or proof. 


| While the Greeks ‘shut their eyes’, they kept their mind’s eye 
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| “Most of Greek science 
turned out to be wrong 
— for being wrong is a 
constant feature of the 
scientific method", 
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Science is a very 
fragile thing and 
there are ominous 
signs that it can 
fade away and a 
new dark age 
emerge to close our 
minds again. 
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Euclidand Archimedes laid down was forgotten and 
through the thoughtfulness of Greek and Islamic scholar 

Middle Ages. The availability of these Writings to Guin 
be another landmark in the history of modern science, ie 
important landmark is the use of the Socratic dialectical Aes, 
the search through logical enquiry, especially in matters i 
aesthetics and ethics. This is illustrated in the writings of Plato, 


were to prove to be fundamental to the future prog 
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Plato, says Kitto, “drew a sharp distinction between knowledge 


and opinion. Knowledge is not what a man has been told, shown 


or taught; it can be only what he has found out for himself by long 
and rigorous search.” This could very well serve as the definition 
of what we mean by scientific research, giving up a life to intel- 
lectual striving so that the knowledge of ‘what is’ is yielded to us. 


The Ionian school (or Milesian school of philosophy as itis 
sometimes called) was the first in which the pupils criticized their 
master. Anaximenes, who followed Anaximander, continued a 
critical tradition. Unfortunately, as Popper sadly, notes, this 
we: : and was 
critical and rationalist tradition was invented only onci 
to disappear with Plato and Socrates. The European mind i 
closed and remained closed until the critical odie 
rediscovered in Europe, during the Renaissance, nearly cig 
centuries later. That science appeared with the poin 
miracle. That it disappeared and remained dormant ee jn’ 
hundred years was not surprising. That it was re-disco 
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Outs have a slight negative charge. Therefore 
© thay uydrogen Bond with a Difference hydrogen bonds usually have the form X-H-Y 
i logic ne in which X and Y are both electronegative 
dean at See ston A few examples of hydrogen bonds and 
The | 4 G Sam their interaction energies are shown in Table J. 
cience, Hydrogen is probably the most intriguing pec the strength of this interaction is 
of What Jement in the periodic table. Although it is ae y small in most cases, the presence or 
Served only the seventh most abundant element on fam oj hydrogen bonds has significant 
Ofthe earth, itis the most abundant element in the “ oa the properties of moia Many 
Wasto universe. It combines with almost all the teresting structural forms resulting from 
nother ements of the periodic table, except for a hydrogen bonds were discussed in the article. 
ethod, Mjiicaisition elements’ to form vine by S Ranganathan (Resonance , Vol.1,4, 1996). 
a compounds of the type E, He Some of these Rey: 
| compounds have fascinating structures ery recently a new type of hydrogen bond 
wledge i (2,3). has been experimentally characterised. In 
shom |? most metal hydrides, the hydrogen atom 
ylong | However the most interesting interaction of attached to the metal has a slight negative 
nition | hydrogen is the hydrogen bond. When a charge. It can be attracted to a hydrogen atom 
intel- | hydrogen atom is bound to an electronegative attached to nitrogen or oxygen. Hydrogen 
tous | clement it acquires a slight positive charge. bondis formally formed in the unit X-H--H. 
| Asa result, it is attracted to other atoms such A hydrogen attached to a metal acts as a 

s it is | 38 nitrogen or oxygen in the vicinity, which hydrogen atom acceptor! 
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Table 1. Hydrogen Bonds and their strengths a ay 


H-Bond 


H,S = H-SH 
H3N = H-N H, 
H, O = H-OH 
F-H = F-H 


| 
Strength of he ined a 
ol- \, 


A 


7 


7 | 
22 | 
29 | 


| 


Over the last two years, several examples of 
such interactions have been documented. A 
typical case is the iridium hydride complex 
(4), hydrogen bonded to pyrrole. 


An extremely simple and efficient method to 
estimate the strengths of this interaction has 
been evolved by Crabtree and Peris (E. Peris 
and R H Crabtree, 7 C S Chem. Commun., 
1995, 2179). They measured the energy 
associated with the stretching of the X-H 
bond using vibrational spectroscopy. When 
X-H interacts with an H-M unit, the X-H 
bond is weakened. The X-H stretching 
frequency is reduced. The position and also 
the width of this X-H vibrational band 
changes. By measuring the vibrational spectra 
for X-H in the presence and absence of M-H, 
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| 
it is possible to get reliable estimates of the 
strength of this X-H--H-M interaction Itis 


found to bea fairly weak bond witha strength 
of about 4-8 kJ/mol. | 


Metal hydrides and hydrogen bond done | 
molecules have been known fora long time. It | 
is therefore surprising that the interaction 
between metal hydrides and X-H molecules | 
has been established only recently. However, 
a plausible reason for this delay may be traced 
to a reaction of alkali metal and Ist row | 


transition metal hydrides with H-X, where} 
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e weak acids they 
yemolecular | 
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| i and electronegative elements hy 
| 
| 
| 


versatility of hydrogen in 
combining with electropositive 
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drogen bond. The electronegative element 
with equal ease, a fact that has Y carrying a partial negative charge in the 
usual H-bond has been replaced bya hydrogen 


that now carries the negative charge through 


often suggested a special place 
for it in the periodic table. 


its connection to an electropositive metal. 
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Strength} has an attractive interaction with hydrogen 
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Non European Roots of 
Mathematics 


Setting the Record Straight 


R Sridharan 


The Crest of the Peacock, Non- 
European Roots of Mathematics 
George Gheverghese Joseph 
Affiliated East-West Press, 
62A, Ornes Road, Kilpauk, 
Madras 600 010. 1990. 

37 pp. Rs. 150, 


Giambattista Vico (1668-1744 A.D.), the 
Neapolitan philosopher of history, in his 
Scienza Nuova, cautions against two pitfalls 
which the scholars should guard against while 
writing history. The first is what he calls 
‘conceit of nations’ which makes one adopt 
one’s national point of view while writing it. 


The second is ‘conceit of scholars’, which ` 


makes one interpret historical evidence on 
the assumption that the criteria of rationality 
and correctness according to one’s own present 
condition should equally apply to all the 
previous ages. Unfortunately, these two 
characteristics generally dominated the 
Western analysis of the contributions of the 
non-Western societies to science in general 
and mathematics in particular. 


One could perhaps dismiss as an example of a 
colonialist’s attitude, G.R. Kaye’s insistence 
during the early part of the twentieth century, 


Reprinted from Current Science 
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that the Bakshali manuscript was no olde 
than the 12th century A.D. (against i 
accepted evidence). How does one explain the 
attitude of Van der Waerden (Russian 

Mathematical Surveys, 1976, 31) who claimed ! 
as recently as a few years ago, that the ide | 
behind the ingenious Chakravala method of | | 
the Indians was most probably borrowed from 
the Greeks, except as wishful thinking? | 


The aim of George Gheverghese Joseph in | , 
The Crest of the Peacock is to put upat | ( 
aggressive defence against ‘Eurocentrism’ t | 
underscore the ‘non-European mathematical 
achievements’ and to ‘dent the parochialis I 
that lies behind the eurocentric perception q 
the developmentof mathematical knowledge: | 
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demotic notation) goes to Egypt. (The Aztecs 
of central America also had a system of 
pumerals similar to the Egyptians.) During 
the long period of ancient Egyptian history, 
Egypt made several contributions to 
mathematics, the 
representation of fractions and to calculations 


particularly to 
of areas and volumes. The history of ancient 
Mesopotamia, dating back to 3500 B.C., hada 
long chain of various ruling dynasties. The 
most outstanding achievements of the 
Babylonian civilization were in various 
numerical and algebraic problems. They were 
certainly aware of the Pythagorean triples and 
the notion of similarity of triangles. 


As in many other things, mathematics in 
China has had a very long history and it 
developed mostly in isolation. The Chinese 
had a system of notation for using nine 
numerals as early as the 14th century B.C. and 
the theorem of Pythagoras was well known to 
them from ancient times. They studied 


The first credit for written 
mathematics including the written 
number systems goes to Egypt. 
During the long period of ancient 
Egyptian history, Egypt made 
Several contributions to 
mathematics, particularly to the 
representation of fractions and to 
calculations of areas andvolumes. 


indeterminate equations of the first degree in 
their construction of calendars. The so called 
Horner’s method for solving polynomial 
equations was already known to the Chinese 
very much earlier, 


The author begins his survey of the Indian 
contributions to mathematics with the 
Harappan civilization and its advanced brick- 
making technology. The building of sacrificial 
altars during the Vedic period led to the 
geometry of the Sulva Sutras which show 
knowledge of irrational numbers, geometrical 
figures, Pythagoras theorem, etc. The heretical 
sects like the Jains contributed equally to the 
growth of mathematics. For instance they 
considered laws of indices, problems in 
permutations and combinations, progressions, 
etc. The work of Pingala on metres contains 
the beginnings of binary arithmetic. The 
author also includes a section on the 
construction of Sriyantras (associated with 
tantric practices) and their geometry. 
Somewhat curiously, he also discusses the 
book Vedic Mathematics by Bharati Krishna 
Tirthaji and in particular the ‘Nikhilam 
method’ for multiplication which Tirthaji 
attributed to the Vedas. 


The Bakshali manuscript which is probably a 
later version of a document dating back to the 
first few centuries of the Christian era bridges 
the gap between the mathematics of the Sulva 
period and that of the classical period. 


Mathematics of the classical age began at 
Kusumapura (modern Patna), where, for 
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It was once upon a time believed 
that mathematics in India 
essentially came to a halt after 
Bhaskara. But as has been ably 
shown by modern research, 
mathematical tradition continued 
through the middle ages in Kerala, 
till in fact the 16th century. 


instance, the great Jain metaphysician, 
Umasvati, worked during the second century 
B.C. Here Aryabhata (c 476 A.D.) wrote his 
classical work, Aryabhatia, on astronomy 
(which contains incidentally the Kuttaka 
method of solving linear indeterminate 
equations). The classical age can boast of a 
series of of Aryabhata: 
Brahmagupta (b 598 A.D.) was not only a 
great astronomer but also a remarkable 
mathematician, who made fundamental 
contributions to the study of quadratic 


successors 


indeterminate equations, composition of 
binary quadratic forms, geometry of cyclic 
quadrilaterals, etc., Sridhara (c 900 A.D.), 
author of standard works on arithmetic and 
mensuration; and finally Bhaskara II (b 1114 
A.D.) of the Ujjain school, who is very well 
known as the author of Lilavati and Byaganita 
(parts of Siddhanta Shiromant). It was once 
upon a time believed that mathematics in 
India essentially came toa halt after Bhaskara. 
But as has been ably shown by modern 
research, mathematical tradition continued 
through the middle ages in Kerala, till in fact 
the 16th century. Narayana Pandita, Madhava 
and Neelakanta Somayaji are some of the 


well-known mathematicians of this period, 
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series and calculus. The PA 
Jyeshta Deva (c 1550 A.D 
summary (in Malayalam) of ihe 


One should also mention the nam 
otherwise unknown mathematician i Of ay 
(e 1000 A.D.), who ismention AA 
commentary, by Udayadivaka 
Sundari of Laghu Bhaskariya (by Bhaskara] 
629 A.D.) for his complete solution Qf 
quadratic indeterminate equations by the 
remarkable Chakravala method. 


The book ends with a detailed account of the le 


contributions of the Arabs to mathematics. 
The author takes great pains to show thatthe 
generally-held belief that their contributions 
consisted merely in transmitting 
mathematical knowledge is not correct. In 
fact they made a happy fusion of the geometric 
spirit of the Greeks with the algorithmic 
traditions of Babylonia, India and China, 
making substantial contribution 
mathematics. 
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Claims that the answer lies in water's ability to remain liquid below its normal freezing g 
point. “Is all to dowith supercooling,” says David Auerbach, who works atthe Max Planck : 
‘ Institute for Fluid Dynamics in Germany. (New Scientist 2 December 1995). 


R Sridharan is with Tata Institute of Fundamental 
Research, Homi Bhabha Road, Bombay 400 005, India. 


| 

| Supercool theory solves hot ice cream puzzle ... How is it possible for hot water to 
| freeze more quickly than cold? This peculiar phenomenon, first noticed by Aristotle in the 
| 4th century BC, has baffled scientists for generations. But a South African physicist now 
| 
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Resonance - journal of science education is primarily targeted to undergraduate 

and teachers. The journal invites contributions in various branches of science and cca | 
a lucid style that will attract readers from diverse backgrounds. A helpful general ers 
at least the first one third of the article should be readily understood by a general wide 


Articles on topics in the undergraduate curriculum, especially those which students offen 
consider difficult to understand, new classroom experiments, emerging techniques and 
ideas and innovative procedures for teaching specific concepts are particularly welcome. | 
The submitted contributions should not have appeared elsewhere. 


Manuscripts should be submitted in duplicate to any of the editors. Authors having access i 
to a PC are encouraged to submit an ASCII version on a floppy diskette. If necessary the | 
editors may edit the manuscript substantially in order to maintain uniformity of presentation — ' 
and to enhance readability. Illustrations and other material if reproduced, must be properly 1 | 
credited; it is the author's responsibility to obtain permission of reproduction {copies of | 
letters of permission should be sent). In case of difficulty, please contact the editors. 
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i lllustrations Use figures, charts and schemes liberally. A few colour illustrations maybe 
|_ useful. Try fo use good quality computer generated images, with neatly labelled axes, clear 
labels, fonts and shades. Figure captions must be written with care and in some detail. Key 
features of the illustration may be pointed out in the caption. 


Boxes Highlights, summaries, biographical and historical notes and margin notes pre- 
sented at a level different from the main body of the text and which nevertheless enhance 
the interest of the main theme can be placed as boxed items. These would be printed in a 
different typeface. Such a boxed item should fitin a printed page and not exceed 250 words. 


| Suggested Reading Avoid technical references. If some citations are necessary, mention 
these as part of the text. A list of suggested readings may be included at the end. 


` Layout tis preferable to place all the boxes, illustrations and their captions afterthemain — 
| text ofthe article. The suggested location of the boxes and figures in the printed versio 
| be marked in the text. In the printed version, the main text will occupy two-thirds 
page. The remaining large margin space will be used to highlight the contents 


imaginatively to draw attention to the article, Although the editors will attempt 
| entries, authors are encouraged to make suitable suggestions and provide them: 


Book Reviews 


The following types of books will be reviewed : (l) text books in 
_ journal; (2) general books in science brought fo the attention fs 
_ known classics; (4) books on educational methods. Books revi 
affordable to students/teachers (price range Rs.50 to 300). 


| New books will get preference in review. A list of books 
| | becirculated among the editors who will then dec 
tobe reviewed. 
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